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DATE: JANUARY 8, 1991 

TO: . TED BITTNER COPY: RICH NINESTEEL 
=. 

FROM: TOM SNARE 

DONALD B R E "  
Smw MATBEll 
JOHN B A R  
JERRY CHILD8 
BILE 2x68 

SUBJECT: OBSERVATIONS FROM PRELIMINAEIY 207C TREATABILITY 
STUDY - E G t G  ROCKY FLATS STABILIBATION PROJECT 
REVISION NO. 1 

1.0 PurDose 

The goal of this testing was to initiate an early study for the 
solidification of the 207C pond sludge, crystals and water (i.e*! 
slurry) . This slurry was solidified using lime, cement and flyash, 
with the second mix adding HAUIBURTON Services Latex 2000 System. 
The intent is to observe mixing characteristics,' establish long 
term disability of the mixes, and analyze for.TCLP constituents for 
an initial starting point for subsequent testing. 

I 2.0 Procedure 

The slurry of 207C pond sludge, crystals and water was solidified 
using two different mixtures. The first mixture consisted of 
slurry, lime (to pH 11), Type C flyash and portland type 1-11 
cement. The second mixture was essentially the same except for the 
addition of the LATEX 2000 System. The LATEX 2000 system included 
D-AIR 3, stabilizer 434C and LATEX 2000. Solidification mixture 
ratios are described in Table 2-1. Nine cylinders were filled for 
both mixtures. 

3.0 Results 

The mixing was completed on November 25, 1991. 
T 

BATCH #& - The crystal part of the sludge was ground to a -10 mesh 
size. The crystals were then combined with the water and sludge to 
form the slurry. While in this slurry, the crystals visually 
reformed to a size of +10 mesh. Upon the addition of cement and 
flyash the crystals dissipated based on the.fee1 of the mix during 
hand mixing. 
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MEMO TO: TED BIT- 
JANUARY 8 ,  1992 - PAGE TWO 

After the blending with the HOBART mixer the consistency of the 
mixture was described as "very runny, but started to set up by the 
time the last cylinder was poured.lI 

BATCH #2 - After the blending with the HOBART mixer, the 
consistency of the mixture was described as "thicker than Batch #1 
and started to set up during molding." The mixture had to be 
spooned into the molds. 

A visual observation was performed after 5 days of NORMAL curing; 
both batches were described as being hard. After 24 days of 
curing, samples from both batches were submitted for UCS, TCLP 
(metals) and durability tests. The following results were 
reported: 

- ucs. 

Batch #l 
Batch #2 

Result 

>600 psi 
>600 psi 

TCLP Preliminarv Data 

As shown in Table 3-1. 

Durability Tests 

1. 

2. 

4.0 

1. 

Freeze/Thaw 

The samples submitted from Batch #1 continue to be cycled with 
small hair-line cracks appearing. Samples submitted from 
Batch #2 developed cracks and crumbled, and were deemed a 
failure after 3 cycles on December 31, 1991. 

Wet/Dry 

The samples submitted from Batch #l cracked and crumbled thus 
failing on January 6, 1992 after 8 cycles. Samples from Batch 
#2 continue to be cycled. 

Conclusions 

Both batches were within regulatory standards (toxicity 
characteristic and LDR standards) based on the TCLP results. 



J MEMO TO: TED BITTNER 
JANUARY 8 ,  1992 PAGE THREE 

2. The addition of the Latex 2000 System enhanced resistance to 
wet/dry cycling but decreased resistance to freeze/thaw 
cycling. 

3. No efflorescence has been observed to date. I 
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APPENDIX B 

PHOTOGRAPHS OF CYLINDERS AFTER 
DURABILITY TESTING 

E 



THE ORIGINALS OF THESE PHOTOS WERE DISTRIBUTED TO De BRENNEMAN, 
J. CHILDS, AND THE PITTSBURGH HALLIBURTON NUS FILE (2x368). 
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LIME/CEMENT/FLYASH 

FREEZE/TEAW 

5 CYLINDERS 



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

F RE E2 E /TH Aw TEST (Accelerated) 
h b e y d e c  demwewd 5 cy&" Cd.+PkJ 

CYLINDER NAME: 
M1 1.3 

207C C E  M EN T/F LYAS H/L I M E 
Mix 1 
Mixed 1/17/92 

0 B S E R VAT1 0 N S: 
Dia: 1.98 in. 
Height: 3.91 in. 

Hairline crack with a & Deep rcratchee cow /e& 

longitudinal face 

Whit. 

u g h  t Brown 



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

FREEZE/THIW TEST (Accelerated) 
SLyCfer 'c-, 

CYLINDER NAME: 
M2 2.3 

207C C E M EN T / F LYAS H / L I M E 
Mix 2 
Mixed 1/17/92 

0 B S E RVAT I 0 N S : 
Dia: 2.00 in. 
Height: 3.94 in. 

Good cylinder 
Slight hairline cracks 

Whl ts  or 

Llght  Brown 
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

FREEZE/THNV TEST (Accelerated) 
S C y d P x  c-pf&$J 

CYLINDER NAME: 
M8 3.3 

207C CEMENT-FLYASH--:me 

Mixed 1/17/92 

0 B S E RVATl 0 N S:. 
Dia: 1.91 in. 
Height: 3.70 in. 

Elephant like skin 
Deep scratches 
F I a& i ng or powdering 
Donut 



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

FREEZE/THAW TEST  (Accelera 
1- .S-cyc/e~ 

CYLINDER NAME: 
M4 4.3 

207C CE M E N  T /F  LYAS H /L I M E 

Mixed l/l7192 

0 B S E RVAT IO N S: 
Dia: 1.96 in. 
Height: 3.87 in. 

A lot of flaking 
Elephant skin look 
Deep scratches 
Donut 

Llght Brown 

~4 4 . a  



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

F REEZE/THAW TEST (Accelerated) 
1- ScycLv L#*//cxt( 

CYLINDER NAME: 
M6 6.3 

20  I C  C E M EN 1-F LYAS H = L h e  

Mixed 1/17/92 

0 B S E RVAT I 0 N 5: 
Dia: 1.99 in. 
Height: 3.00 in. 

Elephant like skin 
Deep grooves 
Crack8 throughout 
Donut 

Whlte  or  
L ight  Qray 

Llg  h t  Brown 



LIME/CEMENT/FLYASB 

WETIDRY 

5 CYLINDERS 
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

WET/DRY TEST 
v J - ~ y c k ! c o * ~ & 4  

CYLINDER NAME: 
M1 1.2 

- -  207c c E M E N TI F LYAS H /L I M E 

Mixed 1/17/92 

0 B S E RVAT I 0 N 5: 
Dia: 1.99 in. 
Height: 3.93 in. 

Hairline crack8 
Reaemblea elephant skin 
Cylinder looked good 

M I  1.1  
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

WET/DRY TEST - J-C+PJ C O ~ ~ / P I c J  

CYLINDER NAME: 
M2 2.2 

207C CE M EN T/F LYAS H/L I M E 

Mixed 1/17/92 

OB S E RVATl 0 N S: 
Dia: 2.01 in. 
Height: 3.94 in. 

Hairline crack8 . 
Resembles elephant skin 
Good cyliner 



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

CYLINDER NAME: 
M6 6.6 

207C CE M EN T /F  LYAS H /L I M E 

Mixed 1/17/92 

0 B SE R VAT i 0 N S: 
Dia: 2.00 in. 
Height: 3.91 in. 

Elephant skin 
Water separated out during cure 
Moderately deep scratches 
Some color change 
Little end flaking 

L ight  Brown 

U S  S.6  



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

CYLINDER NAME: 
M4 4.2 

207C CEMENT/FLYASH/LIME 

Mixed 1/17/92 

Dia: 2.00 in. 
Height: 3.93 in. 

0 B $E RVAT IO N 8: 

Elephant skin 
Deep cracking and scratches 
Donut color 

White 

Light Brown 

Y 4  4 . 1  
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

FREEZE/THAW TEST 
1- 5CyLh.r 

CYLINDER NAME: 
M1 M1.3S 

207C w/ SILICATE 

Mixed 1/17/92 

0 B S E R VAT I 0 N S : 
Dia: 1.99 in. 
Height: 3.84 in. 

A lot of flaking 
Deep rcratching and pitted 
Bad cylinder 
Donut 

, Whit.  

L lght  Brown 
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LIME/CEMENT/FLYASH AND SODIUM SILICATE 

FREEZE/THAW 

9 CYLINDERS 

t 



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

WETIDRY TEST 
IJ.J 

CYLINDER NAME: 
M3 3.2 

207C CEMENT/FLYASH/L 

=YL 

.IME 

Mixed 1/17/92 

. $ OBSERVATIONS: 
._ .; Dia: 1.99 in. 

.%? Height: 3.71 in. 

-? 

- 8  

' Elephant 8kin/hairline crack8 
. Deep 8cratchea 
: End8 flaked off 

Y 

'3 

I 



TABLE 3-1 

Sludge 
Mixture Cement Flyash 

Batch 1 2000g 625g 2084g 

Batch 2 2000g 1041g 20849 

Batch 3 2000g 625g 12 50g 

Batch 4 2000g 1041g 1250g 
I I 

Plastic 
Fibers 

0.759 

0.87g 

0.52g 

0.64g 

I Batch 5 I 2000g I 833g I 1667g I 0.69~~ 

- 
Curing TCLP Freeze/Thaw Wet/Dry 
Time ucs (Meta ls  ) + ucs + ucs 

48 hrs* 1 1 1 1 

7 -day 2 NA NA NA 

14-day 1 NA NA NA 

28-day 1 NA NA NA - 

TABLE 3-2 

SUMMARY OF TESTING SCHEDULES 
207C - LIME/CEMEN!C/FLYASH + PLASTIC FIBERS 

* Accelerated Cure 
NA - Not Analyzed 

3.3 RESULTS 

Table 3-3 summarizes the TCLP metals data for the 48-hour accelerated cure 
samples. All samples easily passed TCLP requirements for the LDRs and the 
characteristic of toxicity. It is noted that the pH of the TCLP extract was 
consistently greater than 10. 

Table 3-4 summarizes all available UCS data (28-day regular cure data are not yet 
available). A l l  cylinders achieved >600 psi with the exception of Batch 3 ,  7-day 
duplicate, and Batch 5 ,  14-day. Both of these results appear to be anomalous 
readings based on the other available data. 

3-2 



TABLE 3-4 
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UCS RESULTS (psi) 
207C - LIME/CEMENT/FLYASH + PLASTIC FIBERS 

* Accelerated Cure 
Dup. - Duplicate 

3-4 



Table 3-5 summarizes durability data from the freezelthaw and wetldry tests 
performed on the accelerated cure cylinders. As with the straight 
lime/cement/flyash mixes, Batch 2 (highest cement and flyash concentratons) 
producedthe best results. The results shown in Table 3-5 roughly parallel those 
in Table 2-5, which indicates no benefit for durability from the addition of 
plastic fibers. 
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4.0 STABILIZATION OF POND 207C 
LIME/CEMENT/FLYASH + SODIUM SILICATE 

4.1 PURPOSE 

The purpose of this series of tests is to analyze the effect of adding sodium 
silicate to the previously established mixtures of lime/cement/flyash utilizing 
factorial experimentation (3x2). This experiment is conceptually illustrated in 
Figure 4-1. 

4.2 PROCEDURE 

Initially a sludge mixture was made using 5 parts pond water, 1 part crystal, and 
1 part underlying sludge (by volume). This ratio of the "sludge mixture" was 
held constant for all 9 batches. The batches that were mixed are defined in 
Table 4-1 with Batch f5 being the previously defined center point. 

Hydrated lime was used to achieve a pH of 11.5 to 12 in the sludge mixture. 
Following the pH adjustment, Type V cement, Type C "pawnee" flyash, and sodium 
silicate were added. The mixture was wet mixed for 5 min. 

The mixtures incorporated sodium silicate at 5% to 15% of the total weight of the 
pozzolanic material in the mixture. 

Eight cylinders were made for each batch. After curing, cylinders were tested 
€Or UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted. The freezelthaw and wet/dry durability test procedures were modified 
to enable the testing to be completed prior to the start of the final phase. The 
control cylinder (i.e., volume andmoisture loss specimen) was omitted, thus only 
one cylinder was submitted for each test. The dimension measurements and the 
weighing of the cylinders was done as specified in the methods. The freezelthaw 
procedure was accelerated by reducing the time of freezing from 24 hours/cycle 
to 12 hours/cycle. The wet/dry procedure was accelerated by decreasing the 
drying period from 42 hours to 19 hours and the time of submergence from 5 hours 
to 4 hours. Table 4-2 defines curing times and the cylinders required for each 
test. 

4-1 



VARIABLE #2 
(e.g. FLYASH) 

VARIABLE #3 
(t.9. SILICATES) 

7 

I 

1 

9 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

VARIABLE #1 
(e.g. CEMENT) 

LEGEND * CENTER POINT CONCENTRATION 

0 CONCENTRATIONS f Z 
AROUND CENTER POINT 

I 
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TABLE 4-1 

Curing TCLP Freeze/Thaw 
Time ucs (Metals) + ucs 

48 hrs* 1 1 1 

7-day 2 NA NA 

14-day 1 NA NA 

28-day 1 NA NA 

BATCHES FOR 207C STABILICATION 
LIME/CEMENT/FLYASH + SODIUM SILICATE 

Wet/Dry 
+ ucs 

1 

NA 

NA 

NA 

TABLE 4-2 

SUMMARY OF TESTING SCHEDULE 207C 
LIME/CEMENT/FLYASH + SODIUM SILICATE 

* Accelerated Cure 
NA - N o t  Analyzed 

4-3 



4 . 3  RESULTS 

Table 4-3 presents the TCLP data for the accelerated cure samples using 
lime/cement/flyash w i t h  sodium s i l i c a t e .  A l l  batches passed both LDR standards 
and t o x i c i t y  characterist ic  standards. The data show s e n s i t i v i t y  t o  the pH of 
the TCLP e x t r a c t ,  where the extract concentrations of certain metals (cadmium, 

n i c k e l )  approach their respective LDR standards when t h e  pH drops below 8-9. 

Table 4-4 summarizes available  UCS data (28-day regular cure data are not 
a v a i l a b l e ) .  The data c l e a r l y  show a pattern of UCS strength d i r e c t l y  related t o  

the t o t a l  amount of pozzolan added (Batches 2'7 > 1 , 6  >5 > 4,9 > 3 , 8 ) .  When 

batches of equal pozzolan addition are compared ( f o r  instance Batches 2 and 7 ) ,  

w i t h  the only variable being the amount of sodium s i l i c a t e  added, t h e  r e s u l t s  
appear t o  be comparable. Therefore, the concentration of sodium s i l i c a t e  ( 5 %  t o  

1 5 %  of cement by weight) appears t o  have l i t t l e  e f f e c t  on the UCS r e s u l t s .  When 
these results are compared t o  those for straight  lirne/cement/flyash ( s e e  Tables 
2-2 and 2 - 4 ) ,  no advantage i s  shown by the addition of s i l i c a t e s  a t  a l l  
concentrations, and some disadvantage i s  noticed on some of the accelerated 
cures. 

Table 4-5 summarizes t h e  durabil i ty  t e s t  data. Only Batches 2 and 7 ,  w i t h  the 

highest cement and flyash concentrations, passed both t e s t s  while maintaining 
their UCS. Comparison of the data on Table 4-5 seems t o  show a decrease i n  f i n a l  
UCS a t  the 1 5 %  s i l i c a t e  concentrations vs.  the 5% concentrations. Comparison of 

data i n  Table 4-5 t o  data i n  Table 2-5 ( s t r a i g h t  lime/cement/flyash) c l e a r l y  

shows that  t h e  addition of s i l i c a t e s  a t  a l l  concentrations tested reduces the 

strength a t  the end of durabil i ty  t e s t i n g ,  as measured by UCS. 

c 
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I 
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TABLE 4-4 

Mix 

B a t c h  1 

B a t c h  2 

B a t c h  3 

B a t c h  4 

B a t c h  5 

B a t c h  6 

B a t c h  7 

B a t c h  8 

B a t c h  9 

UCS RESULTS (psi) 
207c - LIME/CEMENT/FLYASH + SODIUM SILICATE 

48 Hr.* 7 -Day 7-Day (Dup.) 14-Day 28-Day 

612 >637 236 >637 >637 

>63 1 >637 >637 >637 2637 

393 587 387 443 461 

412 >637 >637 >637 506 

486 >637 >637 >637 >637 

448 >637 395 >637 602 

>62 5 >637 >637 >637 >637 

278 197 344 623 461 

310 505 539 2637 442 

* A c c e l e r a t e d  Cure 
Dup. - D u p l i c a t e  

4-6 



a 
al 
4J 
0 
d 
al m 
-4 
3 
& 
al c 
c, 0 
m 
m 
al 
4 
C 
7 

c, 
al 
L, 

h 
c, 
-4 
rl 
.4 

& 
I 
'CI 

al c 
c, 
!.I 
0 
w 

al 
4 
u 
h 
0 
N 
rl 

a 
al 
k 
4 

al 
& 

al c 
c, 
a 
al m 
m 
(d a 
m 
k 
al a 
C 
-4 
ri 
$.I 
u 
rl 
rl 

m 

9 

m 

% 

4 

.. 
k 2 

m 
al 
rl 

f m 
al 
& 
5 
0 

a 
al 
c, 
(d 
!.I 
al 
d 
al 
0 
u 
(d 

k 
't 
0 c 
I 

a, e 
c 
0 
a 
al 

0 
w 
k 
al a 
m 
(d 
3 
P 
C 
-.-I 

al 
4J 

d 
4 

E 

i 

4 



5.0 STABILIZATION OF POND 207C 
LIME/CEMENT/FLYASE + LATEX 2000 SYSTEM 

5.1 INITIAL MIXES 

5 . 1 . 1  Purpose 

The purpose of this series of tests is to analyze 
2000 system to the previously established mixtures 

the effect of adding the Latex 
of lime/cement/flyash, further 

utilizing factorial experimentation (3x2). This experiment is conceptually 
illustrated in Figure 5-1. The Latex 2000 system uses Latex 2000, Stabilizer 
434B, and D-AIR 3 to encapsulate the cement matrix. The addition of these latex 
and surfactant additives should provide additional durability to the cylinders. 

5 . 1 . 2  Procedure . 

Initially a sludge mixture was made using 5 parts pond water, 1 part crystal, and 
1 part underlying sludge (by volume). This ratio of the "sludge mixture" was 
held constant for all 9 batches. The batches that were mixed are defined in 
Table 5-1 with Batch #5 being the previously defined center point. 

Hydrated lime was used to achieve a pH of 11.5 to 12 in the sludge mixture. 
After the pH adjustment, the Latex 2000 system was added in the following order: 
D-AIR 3 ,  Stabilizer 434B, and Latex 2000. Next the Type V cement and Type C 
"comanche" flyash was added. The mixture was wet mixed for 5 min. 

The mixtures incorporated the Latex 2000 at 5% to 15% by weight of the cement in 
the mixture. Stabilizer 434B was added at 15%, and D-AIR 3 at 4%, of the Latex 
2000. 

Eight cylinders were made for each batch. After curing, products were tested for 
UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted. The freezelthaw and wet/dry durability test procedures were modified 
to enable the testing to be completed prior to the start of the final phase. The 
control cylinder (i.e., volume andmoisture loss specimen) was omitted, thus only 
one cylinder was submitted for each test. The dimension measurements and the 
weighing of the cylinders were also omitted. Brushing of the cylinders was done 
as specified int he methods. The freezelthaw procedure was accelerated by 
reducing the time of freezing from 25 hours/cycleto 12 hours/cycle. The wet/dry 
procedure was accelerated by decreasing the drying period from 42 hours to 19 
hours and the time of submergence from 5 hours to 4 hours. 

5-1 
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TABLE 5-1 

Curing 
Time 

48 hts* 

7-day 

14-day 

28-day 

BATCHES FOR 207C STABILIZATION 
LIME/CEMENT/FLY ASH + LATEX 2000 SYSTEM 

TCLP Freeze/Thaw Wet /Dry 
ucs (Metals) + ucs + ucs 

1 1 1 1 

2 NA NA NA 

1 NA NA NA 

1 NA NA NA 

Batch 9 I 2000g I 1041g I 1250g I 156.00g I 25. OOg I 7.00g 

TABLE 5-2 

SUMMARY OF TESTING SCHEDULE 
207C - LIME/CEMENT/FLYAS€i + LATEX 2000 SYSTEM 

*Accelerated Cure 

5-3 
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Table 5-2 defines curing times and the cylinders required for each test. 

5.1.3 Results  

Table 5-3 summarizes the TCLP metals data for the 48-hour accelerated cure 
samples. All samples passed TCLP requirements for the LDRs and the 
characteristic of toxicity. 

Table 5-4 summarizes all available UCS data (28-day regular cure data are not yet 
available. The data suggests a slight deterioration of UCS at 15% latex vs. 5% 
latex, when comparing Batches 8 and 9 to Batches 3 and 4. When data on Table 5-4 
are compared to Table 2-4, to evaluate the mixes with and without the Latex 2000 
system, no clear conclusions can be drawn. It appears that the addition of Latex 
2000 helped Batch 3, but hurt Batches 5 and 9. 

Table 5-5 summarizes the durability test data. Only Batch 2 retained its 
original UCS after freeze/thaw testing. The high flyash batches (1, 2, 6 and 7 )  

plus Batch 4 retained their UCS after wet/dry testing. When data on table 5-5 
are compared to Table 2-5, more than half the test cylinders showed decreased UCS 
values after testing. This effect was more pronounced after the freeze/thaw 
testing . 
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TBLE 5-4 

Mix 

Batch 1 

Batch 2 

Batch 3 

Batch 4 

Batch 5 

I 
li 
II 
D 

48 Br.* 7 -Day 7-Day (Dup.) 14-Day 28 Day 

>62 5 >637 7637 >63 7 >637 

>630 >637 >637 >637 >63 7 

568 >637 2 65 >637 378 

>631 >637 >637 >637 635 

>625 >637 239 535 399 
1 

UCS RESULTS (psi) 
207C - LIME/CEMElW/FLYASE f L A T E X  2000 SYSTEM 

Batch 6 

Batch 7 

>62 5 >637 >637 >637 >637 

>631 >637 >637 >637 >637 

Batch 8 

Batch 9 

503 92 316 498 336 

>62 5 320 586 278 485 

* Accelera ted  Cure 
Dup. - Duplicate  
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5.2 SUPPLEMENTAL MIXES 

5.2 .1  Purpose 

Additional mixes were prepared to expand the range of the Latex 2000 system used 
in the factorial experiments. 

5 . 2 . 2  Procedure 

Initially, a sludge mixture was made using 5 parts pond water, 1 part crystal and 
1 part underlying sludge (by volume). This ratio of the "sludge mixture" was 
held constant for both batches. The batches that were mixed are defined in Table 
5-6. 

Hydrated lime was used to achieve a pH of 11.5 to 12 in the sludge mixture. 
After the pH adjustment, the Latex 2000 system was added in the following order: 
D-AIR 3, Stabilizer 434B, and Latex 2000. Next, the Type V cement and Type C 
"pawnee" flyash were added. The mixture was wet mixed for 5 min. 

The mixtures incorporate the Latex 2000 at 50% and 100% by weight of the cement 
in the mixture. Stabilizer 434B was added at 15%, and D-AIR 3 at 4%, of the 
Latex 2000. 

Three cylinders were made for each batch. After accelerated curing, specimens 
were tested for UCS using ASTM Method C39-86. The freeze/thaw and wet/dry 
durability test procedures were modified to enable the testing to be completed 
prior to the start of the final phase. The control cylinder (i.e., volume and 
moisture loss specimen) was omitted, thus only one cylinder was submitted for 
each test. The dimension measurements and the weighing of the cylinders were 
also omitted. Brushing of the cylinders was done as specified in the methods. 
The freeze/thaw procedure was accelerated by reducing the time of freezing from 
24,hours/cycle to 12 hours/cycle. The wet/dry procedure was accelerated by 
decreasing the drying period from 42 hours to 19 hours and the time of 
submergence from 5 hours to 4 hours. Table 5-7 defines curing times and the 
cylinders required for each test. 

5.2 .3  Results 

Neither of the supplemental batches solidified. 
the high dosages of Latex 2000 System used retarded the cement. 

The obvious conclusion is that 
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TABLE 5-6 

h 

Sludge Latex Stabilizer D-Air 3 
Mixture Cement Flyash 2000 434B 

Batch 1 8009 3339 6679 166g 26.009 6.509 

Batch 2 8009 3339 6679 333g 52. OOg  13.00 
L 

L 
I 

Curing 
Time 

48 hrs* 

7-day 

14-day 

2 8-day 

i TCLP Freeze/Thaw Wet / Dry 
ucs (Metals) + ucs + ucs 
1 NA 1 1 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA I 
1 
I 
1 
I 

SUPPLEMENTAL BATCHES FOR STABILIZATION 
LIME/CEMENT/FLYASH + LATEX 2000 SYSTEM 

TABLE 5-7 

SUPPLEMENTAL LATEX 2000 SYSTEM TESTING SCHEDULE 

* Accelerated Cure 
NA - Not Analyzed 
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6.0 STABILIZATION OF POND 207C 
LIME/CEMENT/FLYASH + HR-25 

6 . 1  PURPOSE 

I 
8 

The purpose of this series of tests is to analyze the effect of adding the HR-25 
to the previously established mixtures of lime/cement/flyash, further utilizing 
factorial experimentation (3x2). This experiment is conceptually illustrated in 
Figure 6-1. HALLIBURTON SERVICE'S HR-25 is an additive for the control of 
efflorescence in salt solutions. HR-25 is also a cement retarder. The effect 
on strength, durability, and TCLP leachability of previously tested mixes was 
monitored. 

6.2 PROCEDURE 

Initially, a sludge mixture was made using 5 parts pond water, 1 part crystal and 
1 part underlying sludge (by volume). This ratio of the "sludge mixture" was 
held constant for all 9 batches. The batches that were mixed are defined in 
Table 6-1 with Batch #5 being the previously defined center point. 

Hydrated lime was used to achieve a pH of 11.5 to 12 for the sludge mixture. 
After the pH adjustment, the HR-25, Type V cement and Type C "comanche" flyash 
was added. The mixture was wet mixed for 5 minutes. 

The mixtures incorporated the HR-25 at a range of 20.00g to 40.00g. 

Eight cylinders were made for each batch. After curing, cylinders were tested 
for UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted. The freeze/thaw and wet/dry durability test procedures were modified 
to enable some of the testing to be completed prior to the start of the final 
phase. The control cylinder (i.e., volume and moisture loss specimen) was 
omitted, thus only one cylinder was submitted for each test. The dimension 
measurements and the weighing of the cylinders were omitted. Brushing of the 
cylinders were done as specified in the methods. The freeze/thaw procedure was 
accelerated by reducing the time of freezing from 24 hours/cycle to 12 
hours/cycle. The wet/dry procedure was accelerated by decreasing the drying 
period from 42 hours to 19 hours and the time of submergence from 5 hours to 4 
hours. Using these accelerated methods, testing was completed in time to 
incorporate the results in the final phase. Table 6-2 defines curing times and 
the cylinders required for each test. 
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TABLE 6-1 

1 

Curing T U P  Freeze/Thaw Wet/Dry 
Time ucs (Metals) + ucs + ucs 

48 hrs*  1 1 1 1 

7-day 2 NA NA NA 

14-day 1 NA NA NA 

2 8-day 1 NA NA NA - 

BATCHES FOR 207C STABlLIZATION 
LIME/CEMENT/FLYASH + HR-25 ADDITIVE 

I 
a 
8 
I 
8 Batch 9 2000g I 1041g 12509 40 .  O O g  

I 
I 
I 
I 
I 
I 

NOTE: Batches  8 and 9 were omitted due t o  an i n s u f f i c i e n t  amount 
of t h e  sludge mixture. 

TABLE 6-2 

SUMMARY OF TESTING SCHEDULE 
207C - LIME/CEMENT/FLYASH + HR-25 

* Accelera ted  Cure 
NA - Not analyzed 
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6.3  RESULTS 

Only Batches 1 and 2 hardened after t h e  48-hour accelerated c u r e .  No TCLP data 

i s  available for t h e s e  mixes b e c a u s e  o f  error i n  c o n d u c t i n g  t h e  TCLP E x t r a c t i o n .  
The error r e s u l t e d  i n  t h e  a n a l y t i c a l  r e s u l t s  b e i n g  i n a c c u r a t e .  

Upon r e c e i v i n g  t h e  r e s u l t s ,  d i s c u s s i o n s  w i t h  t h e  l a b o r a t o r y  d e t e r m i n e d  t h a t  t h e  

l a b o r a t o r y t e c h n i c i a n  was adding more acetic a c i d  t o  prepare t h e  e x t r a c t i o n  f l u i d  
t h e n  what was r e q u i r e d  by t h e  method. The TCLP method i n d i c a t e s  t h a t  5 .7  m l  o f  
acid s h o u l d  be u s e d  i n  p r e p a r i n g t h e  e x t r a c t i o n  f l u i d .  The t e c h n i c i a n  wae adding  
a d d i t i o n a l  acid t o  a c h i e v e  a pH of approximately 2.88  which i s  i n c o r r e c t .  The 
method states t h a t  t h e  e x t r a c t i o n  f l u i d  s h o u l d  be d i s c a r d e d  i f  t h e  pH i s  n o t  
correct ( 2 . 8 8  +/- 0 . 0 5  S t a n d a r d  U n i t s ) .  The a d d i t i o n a l  a c i d  i n  t h e  e x t r a c t i o n  
f l u i d  r e s u l t e d  i n  t h e  pH o f  t h e  l e a c h a t e  b e i n g  lower t h a n  i f  t h e  proper amount 
Of acid was added. B e c a u s e  t h e  pH was d e c r e a s e d  t o  a p p r o x i m a t e l y  5 .0  i n  t h e  

leachate, t h e  metals became more s o l u b l e  r e s u l t i n g  i n  leachate c o n c e n t r a t i o n s  
above t h e  LDR s t a n d a r d s .  

Table  6-3 summarizes available UCS d a t a  (28-day c u r e  data n o t  y e t  a v a i l a b l e ) .  
Only B a t c h e s  1 and 2 hardened after t h e  a c c e l e r a t e d  c u r e .  T h e s e  b a t c h e s  
r e p r e s e n t e d  t h e  lowest HR-25 c o n c e n t r a t i o n s  b u t  t h e  h i g h e s t '  f l y a s h  
c o n c e n t r a t i o n s .  Under normal c u r e  c o n d i t i o n s ,  o n l y  B a t c h e s  2 and 5 r e a c h e d  t h e  

maximum l e v e l  on t h e  machine. B a t c h  2 c o r r e s p o n d s  t o  t h e  h i g h e s t  f l y a s h  and 
cement c o n c e n t r a t i o n s ,  b u t  t h e  lowest HR-25 c o n c e n t r a t i o n .  B a t c h  5 i s  t h e  c e n t e r  
p o i n t  compar ison  o f  data on Table  6-3 w i t h  data on Table 2-4 shows t h e  r e t a r d i n g  
effect of  t h e  HR-25. 

None o f  t h e  c y l i n d e r s  have fa i led through 11 c y c l e s  o f  t h e  accelerated d u r a b i l i t y  
tests. F i n a l  w e i g h t  loss and UCS d a t a  are n o t  yet a v a i l a b l e .  
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TABLE 6-3 

Mix 

B a t c h  1 

B a t c h  2 

B a t c h  3 

B a t c h  4 

B a t c h  5 

B a t c h  6 

B a t c h  7 

B a t c h  8 

B a t c h  9 

UCS RESULTS (psi.) 
207C -LIME/CEMENT/FLYASH + HR-25 

48 Hr.* 7 -Day 7-Day (Dup.) 14-Day 2 8 - ~ a y  

287 261 285 441 >637 

>637 630 >637 >637 412 

TSTT 17 14 19 465 

TSTT 224 217 281 606 

TSTT (1) (1) >637 298 

TSTT 10 (1) (1) 207 

TSTT 58 20 64 >637 

ND ND ND ND ND 

ND ND ND ND ND 

( 1 )  Sample broke  i n  h a l f  when removed from mold 

* A c c e l e r a t e d  Cure 
TSTT - Too S o f t  To T e s t  

Dup. - D u p l i c a t e  
ND - No data; b a t c h  n o t  mixed 
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7.0 STABILIZATION OF POND 207C 
LIME/CEMENT/FLYASH + HR-4 

7 . 1  PURPOSE 

The purpose of this series of tests is to analyze the effect of adding HR-4 to 
the previously established mixtures of lime/cement/flyash, further utilizing 
factorial experimentation (3x2). This experiment is conceptually illustrated in 
Figure 7-1. HALLIBURTON SERVICE'S HR-4 is an additive for the control of 
efflorescence in salt solutions. HR-4 is also a cement retarder. The effect on 
strength, durability and TCLP leachability of previously tested mixes was 
monitored. 

7 . 2  PROCEDURE 

Initially, a sludge mixture was made using 5 parts pond water, 1 part crystal, 
and 1 part underlying sludge (by volume). This ratio of the "sludge mixture" was 
held constant for all 9 batches. The batches that were mixed are defined in Table 
7-1 with batch f 5  being the previously defined center point. 

Hydrated lime was used to achieve a pH of 11.5 to 12 in the sludge mixture. 
After the pH adjustment, the HR-4, Type V cement, and Type C "comanche" flyash 
was added. The mixture was wet mixed for 5 minutes. 

The mixtures incorporated the HR-4 at a range of 20.009 to 40.00g. 

Eight cylinders weremade for each batch. After curing, products were tested for 
UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted. The freezelthaw and wet/dry durability test procedures were modified 
to enable some of the testing to be completed prior to the start of the final 
phase. The control cylinder (i.e., volume and moisture loss specimen) was 
omitted, thus only one cylinder was submitted for each test. The dimension 
measurements and the weighing of the cylinders were omitted. Brushing of the 
cylinders was done as specified in the methods. The freeze/thaw procedure was 
accelerated by reducing the time of freezing from 24 hours/cycle to 12 
hours/cycle. The wet/dry procedure was accelerated by decreasing the drying 
period from 42 hours to 19 hours and the time of submergence from 5 hours to 4 
hours. Using these accelerated methods, testing was completed in time to 
incorporate the results in the final phase. Table 7-2 defines curing times and 
the cylinders required for each test. 
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TABLE 7-1 

Curing TCLP FreezeJThaw Wet/Dry 
Time ucs (Metals) + ucs + ucs 

48 hrs* 1 1 1 1 

7-day 2 NA NA NA 

14-day 1 NA NA NA 

28-day 1 NA NA NA 
A 

B 
! 
I 
I 
I 
I 

BATCHES FOR 207C STABILIZATION 
LIME/CEMENT/P'LYASE + HR-25 ADDITIVE 

NOTE: B a t c h e s  1 and 9 were o m i t t e d  due t o  an i n s u f f i c i e n t  amount 
of t h e  s ludge  mixture .  

TABLE 7-2 

SUMMARY OF TESTING SCHEDULE 
207C - LIME/CEMEN!C/PZYASH + HR-4 

* A c c e l e r a t e d  Cure 
NA - Not Analyzed 

i 
I 
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7 . 3  RESULTS 

Only Batches 2,  3,  and 4 s o l i d i f i e d  a f t e r  accelerated curing. No TCLP data i s  
a v a i l a b l e  for these mixes because of error i n  conducting t h e  TCLP Extraction. 

The error resulted i n  the analytical  r e s u l t s  being inaccurate. 

Upon receiving t h e  r e s u l t s ,  discussions w i t h  the laboratory determined that the 
laboratorytechnician was adding more a c e t i c  acid t o  prepare the extraction f l u i d  

then what was required by the method. The TCLP method indicates that  5 . 7  m l  of 
acid should be used i n  preparingthe extraction f l u i d .  The technician was adding 
additional acid t o  achieve a pH of approximately 2.88 which i s  incorrect.  The 

method s t a t e s  t h a t  the extraction f l u i d  should be discarded i f  t h e  pH i s  not 

correct (2.88 +/- 0.05 Standard Units) .  The additional acid i n  the extraction 
f l u i d  resulted i n  t h e  pH of the leachate being lower then i f  the proper amount 

of acid was added. Because the pH was decreased t o  approximately 5.0 i n  the 

leachate, t h e  metals became more soluble resulting i n  leachate concentrations 

above t h e  LDR standards. 

Table 7-3 summarizes available  UCS data (28-day regular cure day cure are not yet  
a v a i l a b l e ) .  The data c l e a r l y  show the retarding e f f e c t  of t h e  HR-4 addit ive.  

Only Batches 2 ,  4, 5 ,  and 7 achieved t h e  maximum UCS reading a f t e r  14-day regular 
curing. Batches 2 ,  4 ,  and 7 correspond t o  the maximum cement dosages, while 
Batch 5 i s  the center point. 

Final d u r a b i l i t y  t e s t  r e s u l t s  are not yet  available  for t h e  three accelerated 
cure batches. A l l  of the cylinders are s i l l  intact  through 11 c y c l e s .  I t  was 
noted during mixing that the HR-4 resisted complete mixing w i t h  the sludge. 
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TABLE 7-3 

Mix 

B a t c h  1 

B a t c h  2 

B a t c h  3 

B a t c h  4 

B a t c h  5 

B a t c h  6 

B a t c h  7 

B a t c h  8 

B a t c h  9 

I 
I 
I 

48 Hr.* 7 -Day 7-Day (Dup.) 14-Day 28-Day 

ND ND ND ND ND 

>637 >637 >637 >637 >637 

>63 7 395 476 105 >637 

424 >637 62 5 >637 >637 

TSTT 270 248 >637 >637 

TSTT TSTT TSTT 527 >637 

TSTT >63 7 >637 >637 >637 

TSTT TSTT TSTT (1) TSTT 

ND ND ND ND ND 

UCS RESULTS (psi) 
207C - LIME/CEMENT/FLYASH + HR-4 

( 1 )  Sample broke  i n  h a l f  when removed from mold. 

* Accelerated Cure 
TSTT - Too S o f t  To T e s t  

Dup. - D u p l i c a t e  
ND - No data; b a t c h  not mixed 

I 
I 
I 
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b 8.0  CONCLUSIONS AND RECOMMENDATIONS 

Following is a summary of the major conclusions as a result of the 207C 
treatability testing to date: 

The results of TCLP testing clearly verify the sensitivity of 
leaching to the pH of the leach solution. A pH of 9 or greater in 
the leach solution must be maintained to assure compliance with LDR 
standards. 

No other additives, such as ferrous sulfate, appear to be necessary 
to achieve desired TCLP results. 

Mixes of lime/cement/flyash appear capable of meeting all 
stabilization objectives. 

The addition of plastic fibers did not show any benefits as far as 
strength or durability. 

The addition of sodium silicate did not show any benefits as far as 
strength or durability. 

Results of the Latex 2000 system are not conclusive and will require 
further discussion. 

The additives HR-4 and HR-25 retarded the solidification of the 
mixes. There appear to be no advantages to the inclusion of these 
additives (this assumes that efflorescence, which has not been 
noticed to date, will not be a long-term problem). 

The discoloration of some of the cylinders, which often took a donut 
shape on the ends of the cylinders, cannot be explained. It is not 
known whether this is of any long-term significance or is indicative 
of a physical or chemical process that should be of concern (see 
photographs in Appendix B). 

We recommend the following mixes for the final regulatory confirmation phase: 

Lime/cement/flyash at the previously-established center point, with 
the factorial adjusted to increase the UCS in Batch 3 .  

i 
I 
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e Lime/cement/flyash + entrained air as a further protection against 
freezelthaw damage. 

0 Lime/cement/flyash + Latex 2000 (at 1%, 3%, and 5%). Further 
discussion of these concentrations is needed. 

0 Titration tests will be performed to quantify the amount of lime 
needed with each additive to assure that the pH of the TCLP extract 
stays above 9. 

i 
I 
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INTERNAL CORRESPONDENCE 

TO: TED BITTNER 

n 
FROM: TOM SNARE 

SUBJECT: OBSERVATIONS FROM PRELIMINARY 207C TREATABILITY 
STUDY - EGCG ROCKY FLATS STABILIZATION PROJECT 
REVISION NO. 2 (TEST COMPLETED 1/19/92) 

C-19-01-92-57 

DATE: JANUARY 20, 1991 

COPY: RICH NINESTEEL 
DONALD BRENNEMAN 
SHAJ MATHEW 
JOHN ZAK 
JERRY CBILDS 
FILE 2K68 

I 
t 

The goal of this testing was to initiate an early study for the 
solidification of the 207C pond sludge, crystals, and water (i.e., 
slurry) . This slurry was solidified using lime, cement, and 
flyash, with the second mix adding HALLIBURTON Services Latex 2000 
System. The intent is to observe mixing characteristics, establish 
long term durability of the mixes, and analyze for TCLP 
constituents for an initial starting point for subsequent testing. 

2.0 Procedure 

The slurry of 207C pond sludge, crystals and water was solidified 
using two different mixtures. The first mixture consisted of 
slurry, lime (to pH ll), Type C flyash and portland ‘type 1-11 
cement. The second mixture was essentially the same except for the 
addition of the LATEX 2000 System. The LATEX 2000 system included 
D-AIR 3, stabilizer 434C and LATEX 2000. Solidification mixture 
ratios are described in Table 2-1. Nine cylinders were filled for 
both mixtures. The mixing was completed on November 25, 1991. 

3.0 Results 

BATCH #1 - The crystal part of the sludge was ground to a -10 mesh 
size. The crystals were then combined with the water and sludge to 
form the slurry. While in this slurry, the crystals visually 
reformed to a size of +10 mesh. Upon the addition of cement and 
flyash the crystals dissipated based on the feel of the mix during 
hand mixing. 



MEMO TO: TED BITTNER 
JANUARY 20, 1992 PAGE TWO 

After the blending with the HOBART mixer the consistency of the 
mixture was described as *@very runny, but started to set up by the 
time the last cylinder was poured." 

BATCH #2 - After the blending with the HOBART mixer, the 
consistency of the mixture was described as '@thicker than Batch #1 
and started to set up during molding." The mixture had to be 
spooned into thesmolds. 

A visual observation was performed after 5 days of NORMAL curing; 
both batches were described as being hard. After 24 days of 
curing, samples from both batches were submitted for UCS, TCLP 
(metals) and durability tests. The following results were 
reported: 

- UCS (ASTM C39-86) 

Batch #l 
Batch #2 

Result 

>600 psi 
>600 psi 

TCLP Preliminarv Data 

As shown in Table 3-1. 

1. Freeze/Thaw (ASTM D560-82) 

The specimens submitted from Batch #l continued to be cycled 
with small hair-line cracks appearing as of 1/8/92. The Batch 
#l soil-cement loss specimen broke in half at the end of cycle 
9 (1/15/92) during the scratch test. The Batch 81 volume and 
moisture change specimen began crumbling at the end of cycle 
10 and failed after cycle 11 (1/19/92). Specimens submitted 
from Batch #2 both developed cracks and crumbled, and were 
deemed a failure after 3 cycles on 12/31/91. UCS measurments 
were to be done on the volume and moisture change specimens 
from both batches, however since these cylinders failed before 
the completion of the required 12 cycles this data is not 
available. 

2. Wet/Drv (ASTM D560-82) 

The specimens submitted from Batch #1 started to cracked and 
crumble after 8 cycles. This deterioration was limited to the 
outer 1/4" of the cylinders. Both specimens continued to be 
cycled for the remainder of the test. Samples from Batch #2 
were continued for the full 12 cycles. 



I 

MEMO TO: TED BITTNER 
JANUARY 20, 1992 PAGE THREE 

The UCS measurements taken from the volume and moisture change 
specimens after 12 cycles are as follows: 

Result 

4 . 0  

1. 

2. 

3. 

4 .  

Batch #1 
Batch #2 

>631 psi 
>631 psi 

Conclusions 

Both batches were within regulatory standards (toxicity 
characteristic and LDR standards) based on the TCLP results. 

The addition of the Latex 2000 System enhanced resistance to 
Wet/- cycling but decreased resistance to freeze/thaw 
cycling. ' 

No efflorescence has been observed to date. 

Overall results from Batch #1 (lime\cement\flyash) are 
encouraging. Further testing to establish optimum ratios will 
be needed. 

TLS/pam 
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TECHNICAL MEMORANDUM 

207C STABILIZATION RESULTS 

FROM INITIAL PHASES OF TESTING 

Prepared By: 

HALLIBURTON NUS ENVIRONMENTAL CORPORATION 

REVISION 1 

JUNE 1992 



1.0 INTRODUCTION 

The purpose of this report is to summarize the results of 207C treatability 
studies to date, and to use this data to select the batches for the final phase 
of regulatory testing. Because of the schedule limitations and the limited 
sample of 207C sludge/water/crystals remaining, the data must be thoroughly 
evaluated and a decision quickly made. 

I 
I 
I 

Preliminary testing began in November 1991. The results of this testing, which 
involved testing mixes with lime/flyash/cement, showed that the mixes tested 
could meet TCLP requirements, reach relatively high UCS levels, and withstand the 
majority of wet/dry and freeze/thaw durability cycles (See Appendix A ) .  

Therefore, the focus of additional testing was to achieve better durability 
results. 

The testing summarized in this report include the following mixes: 

0 Lime/cement/flyash 
0 Lime/cement/flyash + plastic fibers 
0 Lime/cement/flyash + sodium silicate 
0 Lime/cement/flyash + Latex 2000 system 
0 Lime/cement/flyash + HR-25 
0 Lime/cement/flyash + HR-4 

It should be noted that the testing involved accelerated 48-hour cures, as well 
as accelerated freeze/thaw and wet/dry testing. Therefore, there is always the 
possibility that the results from the final phase, which will involve full 
testing, might differ due to the modifications employed. 

I 
I 
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2.0 STABILIZATION 

2.1 PURPOSE 

OF POND 207c - LIME/CEMENT/FLYASH 

The purpose of t h i s  s e r i e s  of t e s t s  was t o  define baseline r a t i o s  of cement (Type 
V )  and f lyash (Type C )  u t i l i z i n g  f a c t o r i a l  experimentation (2x2) around a 
previously defined center point. This experiment i s  conceptually i l l u s t r a t e d  i n  
Figure 2-1.  Results from preliminary s t a b i l i z a t i o n  t e s t s  of Pond 207C indicate 
UCS and TCLP c r i t e r i a  can be met, therefore, t h e  emphasis of t h i s  t e s t i n g  was 
increased d u r a b i l i t y  ( i . e .  freeze/thaw and wet/dry). Also, t h i s  t e s t i n g  should 
provide a baseline r a t i o  of cement/f lyash t o  which additives can be incorporated 

to i n h i b i t  unfavorable phenomena which may occur ( i . e .  efflorescence, c r y s t a l  
growth). 

FIGURE 2-1 

FACTORIAL EXPERIMENT OF CEMENT/FLYASH RATIOS 

El 1 2 5 8  

Flyash 100% 

7 5 %  I 

12( 

7 5 %  100% 1 2 5 %  

Cement 

2.2 PROCEDURE 

I n i t i a l l y  a sludge mixture was made using 5 parts pond water, 1 part c r y s t a l ,  and 

1 part underlying sludge (by volume). T h i s  r a t i o  of the "sludge mixture" was 
held constant for  a l l  5 batches. The batches that  were mixed are defined i n  Table 

2-1 w i t h  Batch #5 being the previously defined center point.  

Hydrated lime was used t o  achieve an i n i t i a l  pH of 11.5 t o  12 f o r  t h e  sludge 
mixture. Following t h e  pH adjustment, Type V cement and Type C "pawnee" f lyash 

were added. The mixtures were wet mixed for 5 minutes. 

8 
I 
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Eight cylinders weremade for each batch. After curing, products were tested for 
UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted on the accelerated cure cylinders. The freezelthaw and wet/dry 
durability test procedures were modified to enable the testing to be completed 
prior to the start of the final phase. The control cylinder (i.e. volume and 
moisture loss specimen) was omitted, thus only one cylinder was submitted for 
each test. The dimension measurements and the weighing of the cylinders were 
also omitted. Brushing of the cylinders was as specified in the methods. The 
freezelthaw procedure was accelerated by reducing the time of freezing from 24 
hours/cycle to 12 hours/cycle. The wet/dry procedure was accelerated by 
decreasing the drying period from 42 hours to 19 hours and the time of 
submergence from 5 hours to 4 hours. Table 2-2 defines curing times and the 
cylinders required for each test. 

Batch 1 

Batch 2 

Batch 3 

Batch 4 

Batch 5 

TABLE 2-1 

BATCHES FOR 207C STABILIZATION - LIME/CEMEN!C/FLYASH 

2000g 6259 2084g 

2000g 10419 2084g 

20009 62 5g 12509 

20009 1041g 1250g 

20009 833g 1667g 

!I I Sludge Mixture I Cement I Flyash 
I I  

Curing 
Time 

48 hrs* 

7-day 

14-day 

28-day 

T U P  Freeze/Thaw Wet/Dty 
ucs (Metals) + ucs 4- ucs 

1 1 1 1 

2 NA NA NA 

1 NA NA NA 

1 NA NA NA 

TABLE 2-2 

SUMMARY OF TESTING SCHEDULE 
207C - LIME/CEMENT/FLYASH 

2-2 



2 . 3  RESULTS 

Table 2-3 summarizes the TCLP metals data for the 40-hour accelerated cure 
samples. It 
should be noted that lower pH in the TCLP extract (Batches 1 and 3 )  resulted in 
higher leachate values of cadmium and nickel, clearly showing the dependency on 
pH adjustment to pass the TCLP test. 

A l l  samples were below LDR and toxicity characteristic standards. 

Table 2-4 summarizes all available UCS data (28-day regular cure data are not yet 
available). As can be seen, all but Batch 3 (lowest flyash and cement dosages) 
achieved close to or greater than 600 psi after 7 days of regular curing, and all 
reached this level after 14 days. The maximum UCS that can be determined with 
the laboratory equipment is approximately 600 psi. All accelerated cures 
achieved >500 psi UCS. 

Table 2-5 summarizes durability data from the freeze/thaw and wet/dry tests 
performed on the accelerated cure cylinders. The weight loss is approximate 
because the initial weight for the durability test cylinders was obtained from 
the one cylinder following 48-hour accelerated cure that was tested for UCS, not 
the actual durability test cylinders. It was assumed that all cylinders 
following the accelerated cure have approximately the same weight. 

As expected, Batch 3 ,  with the lowest concentrations of cement and flyash, showed 
the greatest weight loss and the lowest UCS following both durability tests. 
Batch 2 ,  with the highest cement and flyash concentrations, performed the best. 
After the freeze/thaw cycling, Batch 1 showed a better UCS than Batch 4, possibly 
indicating that the total weight of pozzolans (cement + flyash) is an important 
factor in predicting performance. 

2-3 
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3.0 STABILIZATION OF POND 207C - LIME/CEMENT/FLYASH 
+ PLASTIC FIBERS 

3.1 PURPOSE 

The purpose of these tests is to analyze the effect of adding plastic fibers to 
the previously established mixtures of lime/cement/flyash. The same 2 by 2 
factorial experiment utilized for lime/cement/flyash was incorporated for these 
mixtures. The plastic fibers should act as a reinforcing additive to help the 
mixtures during durability testing. 

3.2 PROCEDURE 

Initially, a sludge mixture was made using 5 parts pond water, 1 part crystal and 
1 part underlying sludge (by volume). This ratio of the "sludge mixture" was 
held constant for all 5 batches. The batches that were mixed are defined in 
Table 3-1, with Batch #5 being the previously defined center point. 

Hydrated lime was used to achieve an initial pH of 11.5 to 12 for the sludge 
mixture. Following the pH adjustment, Type V cement, Type C "comanche" flyash 
and plastic fibers were added. The mixture was wet mixed for 5 min. 

Plastic fibers were added at approximately 0.025% of the total weight of the 
pozzolanic material in the mixture as specified by vendors literature. 

Eight cylinders were made for each batch. After curing, products were tested for 
UCS using ASTM Methhod C39-86. TCLP extraction and metals analyses were also 
conducted on the accelerated cure cylinders. The freeze/thaw and wet/dry 
durability test procedures were modified to enable the testing to be completed 
prior to the start of the final phase. The control cyclinder (i.e., volume and 
moisture loss specimen) was omitted, thus only one cylinder was submitted for 
eachtest. The dimension measurements and the weighing of the cylinders was done 
as specified in the methods. The freezelthaw procedure was accelerated by 
reducing the time of freezing from 24 hours/cycle to 12 hours/cycle. The 
wet/dry procedure was accelerated by decreasing the drying period from 42 hours 
to 19 hours and the time of submergence from 5 hours to 4 hours. Table 3-2 
defines curing times and the cylinders required for each test. 

3-1 
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

FREEZE/THIW TEST - 
CYLINDER NAME: 
M2 2.3s 

207C w/ SILICATE 

Mixed 1/17/92 

Dia: 1.98 in. 
Height: 3.99 in. 

0 B S E RVATl 0 N S: 

Minimum flaking 
Minimum grooves 

s 

Cracking on diameter and 
longitude 

-, - -  - ::.y-. 
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

FREEZE/THIWI TEST 

CYLINDER NAME: 
M4 4.3s 

207C w /  SILICATE 

Mixed 1/17/92 

0 B S E R VAT1 0 N S: 
Dia: 1.98 in. 
Height: 3.74 in. 

Deep scratches 
Non-cracked 
Minimum f laking/powd 'er 

, Whit. 

1.30 In 

Llgh t Brown 
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Deep scratches 
Minimum flaking 

4 Minimum cracking 
-- 

1 Poor cylinder 
. .  Donut 
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

CYLINDER NAME: 
M8 6.35 

207C w/ SILICATE 

Mixed 1/17/92 

0 B S E RVATl 0 N 8: 
Dia: 1.98 in. 
Height: 3.81 in. 

Deep scratcheo 
Minimum flaking 
Cracks like elephant skin 
Donut color change 
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ROCKY FLATS 
PROJECT NO, 2K68 
Photo Taken: 2/1/92 

FREEZE/THAW TEST 
SCyc/ .J  co*//rksc/ 

CYLINDER NAME: 

207C w/ SILICATE 

Mixed 1/17/92 

0 B SE RVATl 0 N S: 
Dia: 1.98 in. 
Height: 3.88 in. 

A lot of flaking and crack8 
Deep scratche8 

-- - . . _.d 

- -  

I 
Llght Qray 

Llgh t Brown 

UT 1 . 4 8  
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

FREEZE/THAW TEST 

CYLINDER NAME: 
M I  8.38 . 

207C w/ SILICATE 

Mixed 1/17/92 

0 8 S E AVATl 0 N S : 
Dia: 1.89 in. 
Height: 3.66 in. 

Very bad cylinder 
Mo8t rcratched away 
or flaked away 
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ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

WET/DRY TEST - 
CYLINDER NAME: 
M6 6.25 

207C w/ SILICATE 

Mixed 1/17/92 

0 BSE RVAT I ON S: 

4- 

- --.. Dia: 1.99 in. . ,  

- -  Height: 3.90 in. 

Moderate 8cratching and 
? 
I hairline cracks 



ROCKY FLATS 
PROJECT NO. 2K88 
Photo Taken: 2/1/92 

WETIDRY TEST 
sc.ycA C-f/& 

CYLINDER NAME: 
M6 6.28 

w/ SILICATE --do7C 

Mixed 1/17/92 

. ~ .,. OBSERVATIONS: 
Dia: 1.99 in. 
Height: 3.91 in. 

Moderate scratching 
Corner or end flaking 
Top showed water separation 

- _  - 



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

WET/DRY TEST 
-J- 

CYLINDER NAME; 
M I  7.25 

w/ SILICATE-dO7c 

Mixed 1/17/92 

0-8 S E RVAT I 0 N 8: 
Dia: 1.98 in. 
Height: 3.96 in. 

Moderate rcratching 
and hairline cracking 
and end flaking 

b UT 7.18 
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ROCKY FLATS 
PROJECT NO. W 6 8  
Photo Taken: 2/1/92 

CYLINOER NAME: 
M8 9.25 
Mixed 1/17/92 

207C w/ SILICATE 

0 B S E R VAT1 0 N S: 
DIa: 1.98 in. 
Height: 3.82 in. 

Moderate hairline crack8 
Deep scratch08 
Moderate end flaking 

L l q h t  Brown 

Lightor Brown 
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207C WITH LIME/CEMENT/FLYASH + LATEX 
FREEZE/THAW CYCLE 10 



207C WITH LIME/CEMENT/FLYASH + LATEX 
WET/DRY CYCLE 10 



207C WITH LIME/CEMENT/FLYASH + LATEX 
FREEZE/THAW CYCLE 10 



C 207C WITH LIME/CEMENT/FLYASH + PLASTIC FIBER 
FREEZE/THAW CYCLE 10 

I .. . . . , 
.. , .- - 

. - , . .  *-,_. 



207C WITH LIME/CEMENT/FLYASH + HR4 AND HR25 
FREEZE/THAW CYCLE 7 

. 



207C WITH LIME/CEMENT/FLYASH + HR4 AND HR25 
FREEZE/THAW CYCLE 7 

i 
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207C WITH LIME/CEMENT/FLYASH + PLASTIC FIBERS 
WET/DRY CYCLE 10 



207C.WITH LIME/CEMENT/FLYASH + HR4 AND HR25 
WET/DRY CYLCE 7 
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APPENDIX C 

FLYASH SPEC SHEETS 
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REPORT OF FLY ASH ANALYSIS 

RESOURCE MATERIALS TESTING, INC. 
"Specialists in Fly Ash testing" 

REPORT TO: Western Ash Company 
4380 S.  Syracuse Street 
Suite 305 
Denver, CO 80237 
Attn: Mr.  Harry Roof 

PROJECT NAME: Pawnee Plant Fly Ash Q.A. Program 

SAMPLE ID: Class C Fly Ash QAP #137 March '91 

PROJECT NO. : RMT-021 

DATE REC.: 4-5-90 
DATE REP.: 5-8-90 

SAMPLE NO.: 2381 

CHEMICAL ANALYSES 

PARAMETER 

Silicon Dioxide,SiO2,% 
Aluminum Oxide,A1203,% 
Iron Oxide,Fe203,% 
Sum of Si02,A1203,Fe203,% 
Calcium Oxide,CaO,% 
Magnesium Oxide,MgO,% 
Sodium Oxide,Na20,% 
Potassium Oxide,K20,% 
Sulfur Trioxide,SOS,% 
Moisture Content,% 
Loss on Ignition,% 
Available Alkalies as Na2O,%* 

PHYSICAL ANALYSES 

Amount Retained on No. 325 Sieve,% 
Pozzolanic Activity Index 
Portland Cement at 7 days, % of Control 
Portland Cement at 28 days,% of Control 
Lime at 7 days, psi 
Water Requirement, % of Control 
Autoclave Expansion, X 
Specific Gravity 
Increase of Drying Shrinkage,%* 
Reactivity with Cement Alkalies,%* 
Reduction of Mortar Expansion,% 
Mortar Expansion,# 

RESULTS 

34.1 
20.5 

7 .2  
61.8 
26.1 . 

6.1 --- --- 
2.7 
0.02 
0.27 
1.20 

14.1 

105 
109 

91 
+O. 05 

2 .74  

--- 

--- 
--- --- 

ASTM C618 
SPEC. F/C 

34 max 

75 min 
75 min 
800/NA min 
105 max 
0.8  max 

0.03 max 
--- 

--- 
0.020 max 

*Optional requirements applicable only when requested by the 
purchaser. 

Robert L. Smith, Ph.0. 

. .. 
I - -- 



REPORT OF FLY ASH ANALYSIS 

RESOURCE MATERIALS TESTING, INC. 
"Specialists In Fly Ash Testing" 

REPORT TO: Western Ash Company PROJECT NO.: RMT-018 
4380 S.  Syracuse Sttsot SAMPLE NO.: 2379 

Attn: M r .  Harry Roof 

Suite 305 DATE REC.: 4-5-90 
Denver, CO 80237 DATE REP.: 6-8-90 

Comanche tl 
PROJECT NAME: Comanche Plant Fly Ash Q . A .  Program 

SAMPLE ID: Class C F l y  Ash QAP $119 March '91 

CHEMICAL ANALYSES 

PARAMETER 

Silicon Dioxide,SiOP,% 
Aluminum Oxide,A1203,% 
Iron Oxide,Fe203,% 
Sum of Si02,A1203,Fe203,% 
Calcium Oxide,CaO,% 
Magnesium Oxide,MgO,% 
Sodium Oxide,Na2O,Y 
Potassium Oxide,K20,% 
Sulfur Trioxide, 503, % 
Moisture Content,% 
Loss on Ignition,% 
Available Alkalies as Na20,%* 

PHYSICAL ANALYSES 

Amount Retained on No. 325 Sieve,% 
Pozzolanic Activity Index 
Portland Cement at 7 days, % of Control 
Portland Cement at 28 days,% of Control 
Lime at 7 days, psi 
Water Requirement, X of Control 
Autoclave Expansion, X 
Specific Gravity 
Increase of Drying Shrinkage,%* 
Reactivity with Cement Alkalies,%* 
Reduction of Mortar Expansion,% 
Mortar Expansion,% 

RESULTS 

29.5 
22.8 

5.1 
57.4 
28.9 

5.1 --- .-- 
3.7 
0.01 
1.13 
3.52 

13.7 

92 
. 9 4  

93 
+Om 05 

2 . 6 6  

--- 

--- 
-e- --- 

ASTM C618 
SPEC. F/C 

--- 

-0. 

-0- 

5.0 max 
3.0 max 
6.0 max 
1.5 max 

34 max 

75 min 
75 min 
800/NA min 

105 max 
0.8  max 

0.03 max 
--- 

-0- 

0.020 max 

*Optional requirements applicable only when requested by the 
purchaser. 

Robert L. Smith, Ph.0. 



June 6 ,  1991 

Mr. Mat.t. Lahrs 
Western Ash Company 
4380 S .  SYraCU88 S t .  Suite 306 
Englcwood, CO 80155 

WAl, # 91177-1 
Sample 1D: COMMANCHE X2 

I 
I 
I 

9 

I CHEMICAL ANALYSIS 
WTX, DRY BASIS 

I 
I 
z 
I 
1 
1 

Silicon Dioxide, $102 
Aluminum O x i d e ,  A1203 
Iron Oxide,  Pe203 

Calcium Oxide, CaO 
Magnesium Oxide,  MgO 
Sodium Ox ide ,  Nr20 
Potassium O x i d e ,  K20 
Titanium Dioxide, Ti02 
Mnnqanese Diox ide ,  Mn02 
Phosphorur Pentoxide, P205 
Strontium O x i d e ,  SrO 
Barium O x i d e ,  6rO 
S u l f u r  Trioxide, SO3 
Loss on Ignition 

Total ($102 + A1203 + Fe203) 

Moisture, as Received 

--..__--- I 

34.86 
17.96 

5 . 7 6  

2 7 . 9 3  
4 . 6 0  
3 . 5 5  
0 .22  
1.68 
0.18 
I . 2 2  
0 . 5 1  
0 . 6 0  
2 . 5 9  
0 . 5 0  

0.13  

58.87 
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1.0 INTRODUCTION 

The purpose of t h i s  report i s  t o  summarize the r e s u l t s  of the c l a r i f i e r  

t r e a t a b i l i t y  studies completed t o  date. Since completion of t h i s  t e s t i n g ,  a 

decision has been made t o  process t h e  c l a r i f i e r  w i t h  207C as opposed t o  by 

i t s e l f .  Therefore, the data i n  t h i s  report w i l l  only be used for  input i n  
developing the formula for the 207C slurry combined w i t h  the c l a r i f i e r  contents. 

Testing for t h e  c l a r i f i e r  began i n  January and consisted of preparing 
s o l i d i f i c a t i o n  formulations w i t h  lime/cement/flyash. The t e s t i n g  a l s o  evaluated 

p l a s t i c  f i b e r s  and sodium s i l i c a t e  t o  improve the s t a b i l i z e d  product. The 

t e s t i n g  f o r  t h e  s o l i d i f i e d  product included unconfined compressive strength 
(UCS),  TCLP extraction, and wet/dry, freeze/thaw durabil i ty  t e s t i n g .  

Testing discussed i n  t h i s  report i s  based primarily on 48-hour accelerated curing 

and accelerated durabil i ty  t e s t i n g .  Cylinders were cured for  12 days prior t o  
i n i t i a t i o n  of t h e  durabil i ty  t e s t i n g .  The s o l i d i f i c a t i o n  formulas used Type V 

cement because of the s u l f a t e  concentration i n  the c l a r i f i e r .  The f lyash used 
was Type C . 

This report w i l l  consist of s i x  sections. Section 1.0 consists  of t h i s  brief  
introduction. Section 2 . 0  describes the t e s t i n g  conducted for  the baseline 

formulation w i t h  lime/cement/flyash. Section 3.0 describes the t e s t i n g  t o  
evaluate p l a s t i c  fibers and Section 4 . 0  describesthe t e s t i n g t o  evaluate sodium 

s i l i c a t e .  Section 5 . 0  describes the i n i t i a l  durabil i ty  t e s t i n g .  Section 6.0 

provides conclusions and recommendations based on the data provided i n  the 
report. 

. 
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2.0 STABILIZATION OF THE CLARIFIER 
LIME/CEMENT/FLYASH FORMULATION 

WITH 

2.1 PURPOSE 

The purpose of these tests was to define baseline ratios of cement (Type V) and 
flyash (Type C )  utilizing factorial experimentation (2x2) around a previously 
defined center point. This experiment is conceptually illustrated in Figure 2-1. 
The goal of this testing was to provide a 
which additives could be incorporated if 

FIGURE 

FACTORIAL EXPERIMEN!C OF 

125% 

Flyash 100% 

75% 1 13) 

baseline ratio of cement and flyash to 
needed. 

2-1 

CEMENT/ FLYASH 

151 
141 

RATIOS 

7 5% 100% 125% 

Cement 

2.2 PROCEDURE 

Initially, a sludge mixture wa5 made using 5 parts clarifier sludge and 1 part 
clarifier water (by volume). This ratio of the "sludge mixture" was held 
constant €or all 5 batches. The percent solids of the "sludge mixture" was 
approximately 25.3%. The batches that were mixed are defined in Table 2-1 with 
Batch f5 being the center point. 

Hydrated lime ( 3 5  grams) was used to achieve a pH of 11.5 to 12 for the sludge 
mixture. Following the pH adjustment, the Type V cement and Type C "comanche" 
flyash were added. The mixture was wet mixed for 5 minutes in a HOBART mixer. 

Six cylinders were made for each batch. After curing, products were tested for 
UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted. The freeze/thaw and wet/dry durability test procedures were modified 
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2.3  RESULTS 

This section will provide the results for the TCLP analysis, UCS, and the 
durability testing. 

The TCLP results are provided in Table 2-3. The results in Table 2-3 indicated 
that all of the metal analysis results are below their LDR and Toxicity 
Characteristic Levels. The pH of the TCLP extraction ranged between 9.3 and 9.5. 

The UCS results are provided in Table 2-4. The UCS results indicate that all of 
the cylinders became hard with the strengths ranging from approximately 200 psi 
to greater than 637 psi. The strength that each cylinder achieved correlated 
with the quantity of cement added. 

The durability testing is summarized in Table 2-5. Review of this table 
indicates that Batches 1, 2, and 3 passed the freeze/thaw testing with little or 
no loss in UCS. Batches 4 and 5 failed the freezelthaw testing in cycle 8 and 
12 respectively. In general, there does not appear to be an obvious reason why 
cylinders from Batch 4 and 5 failed considering that cylinders with less cement 
and total pozzolans passed the testing. 

II 
i 
E 
E 
1 
1 

i 

All of the cylinders failed in the wet/dry testing very early in the testing. 
The reason for this failure may be related to the sulfate present in the 
clarifier sludge having adverse reactions with components in the Type C flyash. 
At the elevated temperatures (70OC) which the test is conducted, during the 
drying cycle, the sulfate reacts with components of the flyash to form an 
unstable product and subsequent failure of the test. Additionally, the high 
water to pozzolan ratio (ratio varied from .69 to .99) may have contributed to 
the cylinders failing the wet/dry tests. 
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TABLE 2-1 

Sludge Mixture Cement Flyash 

BATCHES FOR CLARIFIER SOLIDIFICATION 

Lime 

I 
t 
t 
f 
I 
c 
c 
I 
I 
t 
E 
I 
I 

Batch 1 

Batch 2 

Batch 3 

Batch 4 

Batch 5 

20009 536. Og 1625. Og 35g 

20009 837.59 359 

2000g 536. Og 975. Og 35g 

20009 837.59 975. Og 35g 

20009 670. Og 1300. Og 3 5g 

1625. Og 

Curing 
Time 

48 hrs 

7-day 

12-day 

TABLE 2-2 

TCLP FreezeIThaw Wet/Dry 
ucs (Metals) + ucs + ucs 
1 1 NA NA 

2 NA NA NA 

NA NA 1 1 

SUMMARY OF TESTING SCHEDULE 
CLARIFIER - LIME/CEMENT/FLYASH 

NA - Not Analyzed 
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to enable the testing to be completed in a expedient manner because of schedule 
constraints. The control cylinder (i.e. volume and moisture control specimen) 
was omitted, thus only one cylinder was submitted for each test. The dimension . 
measurements and the weighing of the cylinders were omitted. Brushing of the 
cylinders was done as specified in the methods. The freezelthaw procedure was 
accelerated by reducing the time of freezing from 24  hours/cycle to 12 hours/ 
cycle. The wet/dry procedure was accelerated by decreasing the drying period 
from 42 hours to 19 hours and the time of submergence from 5 hours to 4 hours. 
Table 2-2 defines curing times and the cylinders required for each test. 

Originally, no testing was scheduled for durability testing because of 
constraints imposed by the schedule for these batches. Limited durability 
testing was only to be conducted using a cylinder from the center points of the 
testing as described in Section 5.0. However, these cylinders failed the 
durability testing very early which raised concerns. Based on the failures of 
the center point cylinder it was decided to submit cylinders from all of the 
batches for accelerated durability testing. These cylinders were submitted after 
12 days of curing. 
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3.0 STABILIZATION OF CLARIFIER WITH LIME/CEMEN!l!/FLYASli 
AND PLASTIC FIBER FORMULATION 

3.1 PURPOSE 

The purpose of this series of tests was to analyze the effect of adding plastic 
fibers to the previously established mixtures of lime/cement/flyash. The same 
2 by 2 factorial experiment described in Section 2.0 was incorporated for these 
mixtures. The plastic fibers should act as a reinforcing additive preventing the 
cylinders from falling apart if cracking occurs during durability testing. 

3.2 PROCEDURE 

Initially, a sludge mixture was made using 5 parts clarifier sludge and 1 part 
clarifier water (by volume). This ratio of the "sludge mixture" was held 
constant for all 5 batches. The percent solids of the "sludge mixture" was 
approximately 25.3%. The batches to be mixed are defined in Table 3-1 with Batch 
#5 being the previously defined center point. 

Hydrated lime (35 grams) was used to achieve a pH of 11.5 to 12 for the sludge 
mixture. Following the pH adjustment, Type V cement, Type C "comanche" flyash 
and plastic fibers were added. The plastic fibers were added at approximately 
0.025% of the total weight of the pozzolan materials in the mixture. The mixture 
was wet mixed for 5 minutes with a HOBART mixer. 

Six cylinders were made for each batch. After curing, products were tested for 
UCS using ASTM Method C39-86. TCLP extraction and metals analyses were 
conducted. The freezelthaw and wet/dry durability test procedures were modified 
to enable the testing to be completed in an expedient manner because of schedule 
constraints. The control cylinder (i.e., volume and moisture loss specimen) was 
omitted, thus only one cylinder was submitted for each test. The dimension 
measurements and the weighing of the cylinders were omitted. Brushing of the 
cylinders was done as specified in the methods. The freeze/thaw procedure was 
accelerated by reducing the time of freezing from 24 hours/cycle to 12 hours/ 
cycle. The wet/dty procedure was accelerated by decreasing the drying period 
from 42 hours to 19 hours and the time of submergence from 5 hours to 4 hours. 
Table 3-2 defines curing times and the cylinders required for each test. 
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TABLE 3-1 

Curing TCLP Freeze/Thaw 

48 hrs* 1 1 1 

Time ucs (Metals ) + ucs 

I-day 2 NA NA 

14-day 1 NA NA 

28-day 1 NA NA 

BATCHES FOR 207C STABILIZATION 
LIME/CEMENT/FLYASH + PLASTIC FIBERS 

Wet/Dry 
+ ucs 

1 

NA 

NA 

NA 

TABLE 3-2 

SUMMARY OF TESTING SCHEDULES 
207C - LIME/CEMENT/FLYASH + PLASTIC FIBERS 

* Accelerated Cure 
NA - Not Analyzed 

3-2 



3 . 3  RESULTS 

T h i s  section w i l l  provide the results  for TCLP analysis, UCS, and durabil i ty  
t e s t i n g .  

The TCLP r e s u l t s  are provided i n  Table 3-3. The r e s u l t s  i n  Table 3-3 indicated 
that  a l l  of the metal analysis results  are below t h e i r  LDR and Toxicity 
Characteristic Levels w i t h  the exception of cadmium i n  Batches 3 and 4 .  The pH 
of the TCLP extraction ranged between 8.0 and 9 . 6 .  Batch 3 had a pH of 9 . 2  and 
Batch 4 had a pH of 8.0 which corresponded t o  a cadmium concentration of 0.068 
mg/l and 0.922 mg/l, respectively. When these r e s u l t s  are compared t o  the same 
batch numbers in  Section 2 . 3  the results  vary substantially.  The r e s u l t s  from 
Section 2 . 3  indicate that  Batch 3 had a pH of 9 . 4  w i t h  a cadmium concentration 
of 0.039 mg/l and Batch 4 had a pH of 9 . 5  w i t h  a cadmium concentration of 0.026 

mg/l. The variation i n  these concentrations seem t o  be large considering that 
the quantity of pozzolans and lime are identical for each corresponding batch. 

The UCS r e s u l t s  are provided i n  Table 3-4. The UCS results  indicate that  a l l  of 
the cylinders became hard w i t h  the strength8 ranging from approximately 100 p s i  
t o  greater than 637 p s i .  The maximum strength which can be determined i n  the 
laboratory i s  637 p s i .  The majority of the cylinders achieved strengths of 
approximately 600 p s i  w i t h  the exception of the cylinders from Batch 3 which had 
the smallest quantity of pozzolans added t o  the mixture. 

The durabil i ty  t e s t i n g  i s  summarized i n  Table 3-5. Review of t h i s  table  
indicates that  Batches 1, 2 ,  and 5 passed the freezelthaw t e s t i n g .  The UCS data 
indicated that the strength of the cylinders decreased by 30 t o  48 percent a f t e r  
the durabil i ty  t e s t i n g .  

Batches 3 and 4 f a i l e d  the freeze/thaw testing i n  Cycle 8 and 12, respectively.  
The f a i l u r e  of Batches 3 and 4 i s  l i k e l y  related t o  the quantity of pozzolans 
added. These cylinders contained the least  amount of t o t a l  pozzolans. 

A l l  of the cylinders f a i l e d  in  the wet/dry t e s t i n g  very early  i n  the t e s t i n g .  
The reason for t h i a  f a i l u r e  may be related t o  the s u l f a t e  present i n  the 
c l a r i f i e r  sludge having adverse reactions w i t h  components i n  the Type C f lyash.  
A t  the elevated temperatures (7OoC) which the t e s t  i s  conducted, during the 
drying cycle,  the s u l f a t e  reacts w i t h  components of the flyash t o  form an 
unstable product and subsequent fai lure of the t e s t .  Additionally,  the high 
water t o  pozzolan r a t i o  may have contributed t o  the cylinders f a i l i n g  the wet/dry 
t e s t 8 .  
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TABLE 3-4 

- 
b- 

Mix  48 Er. 7-Day f l  7-Day #2 

Batch 1 241 >637 >637 

Batch 2 631  >637 >637 

Batch 3 107 233  312 

Batch 4 >631 >637 >637 

Batch 5 >631 >637 >637 

UCS RESULTS (psi) 
CLARIFIER - LIME/CEMENT/FLYASH + PLASTIC FIBERS 

* Accelera ted  Cure 
Dup. - Duplicate  
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4.0 STABILIZATION OF CLARIFIER 
LIME/CE"!C/FLYASH + SODIUM SILICATE 

4.1 PURPOSE 

The purpose of these tests was to analyze the effect of adding silicates to the 
previously establishedmixtures of lime/cement/flyash further utilizing factorial 
experimentation (3x2). This experiment is conceptually illustrated in Figure 
4-1. 

4.2 PROCEDURE 

Initially, a sludge mixture was made using 5 parts clarifier sludge and 1 part 
clarifier water (by volume). This ratio of the "sludge mixture" was held 
constant for all 9 batches. The percent solids of the "sludge mixture" was 
approximately 25.3%. The batches mixed are defined in Table 4-1 with Batch #5 
being the previously defined center point. 

Hydrated lime (20 grams) was used to achieve a pH of 11.5 to 12 for the sludge 
mixture. Following the pH adjustment, Type V cement, Type C "Comanche" flyash, 
and silicates were added. The mixtures incorporated silicates, as sodium 
silicate at 5% to 15% of the weight of the cement in the mixture. The mixture 
was wet mixed for 5 minutes in a HOBART mixer. 

Six cylinders were made for each batch. After curing, products were tested for 
UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted. The freezefthaw and wetJdry durability test procedures were modified 
to enable the testing to be completed in an expedient manner because of schedule 
constraints. The control cylinder (i.e., volume and moisture control specimen) 
was omitted, thus only one cylinder was submitted for each test. The dimension 
measurements and the weighing of the cylinders were omitted. Brushing of the 
cylinders was done as specified in the methods. The freeze/thaw procedure was 
accelerated by reducing the time of freezing from 24 hours/cycle to 12 
hours/cycle. The wet/dry procedure was accelerated by decreasing the drying 
period from 42 hours to 19 hours and the time of submergence from 5 hours to 4 
hours. Table 4-2 defines curingtimes and the cylinders required €or each test. 
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TABLE 4-1 

Curing 
Time 

48 Hrs 

7-Day 

14-Day 

1 
1 
I 
8 
1 
8 

TCLP Freeze/Thaw Wet/Dry 
ucs (Metals) + ucs + ucs 
1 1 NA NA 

2 NA NA NA 

NA NA 1 1 

BATCHES FOR CLARIFIER STABILIZATION 
LIME/CEMENT/FLYASH + SODIUM SILICATE 

TABLE 4-2 

SUMMARY OF TESTING SCHEDULES 
CLARIFIER - LIME/CEMENT/FLYASH + SODIUM SILICATE 

NA - Not Analyzed 
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4 . 3  RESULTS 

T h i s  section w i l l  provide the results  for UCS and durabil i ty  t e s t i n g .  

The TCLP results are not provided i n  t h i s  section because the data i s  inaccurate. 

The TCLP results are not v a l i d  because of incorrect interpretation of t h e  TCLP 
Method by t h e  laboratory technician conducting t h e  analysis.  Upon receiving t h e  

r e s u l t s ,  discussions w i t h  t h e  laboratory determined t h a t  the laboratory 
technician was adding more a c e t i c  acid t o  prepare the extraction f l u i d  then what 
was s p e c i f i e d  by t h e  method. The TCLP Method indicates that  5.7 m l  of acid 

should be used i n  preparing the extraction f l u i d .  The method s t a t e s  t h a t  the 
extraction f l u i d  should be discarded i f  t h e  pH i s  not correct (2.88 +/- 0.05 
Standard U n i t s ) .  The technician was adding additional acid t o  achieve a pH of 
approximately 2 . 8 8  which i s  incorrect. The additional acid i n  the extraction 
f l u i d  resulted i n  the pH of t h e  leachate being lower then i f  t h e  proper amount 

of acid  was added. Because the pH was decreased t o  approximately 5 . 0  i n  the 

leachate, the metals became more soluble resulting i n  leachate concentrations 
t h a t  were extremely high. 

UCS r e s u l t s  are provided i n  Table 4-3. The UCS r e s u l t s  indicate t h a t  a l l  of the 

cylinders became hard with t h e  strengths ranging from approximately 200 p s i  t o  
greater than 637 p s i .  The maximum strength which can be determined i n  t h e  

laboratory i s  637 p s i .  The majority of t h e  cylinders achieved strengths of 
approximately 600 p s i  w i t h  the exception of t h e  cylinders from Batches 3 and 8 

which had t h e  smallest quantity of pozzolans added t o  the mixture. Cylinders 
from batches 1 and 6 were a l s o  lower than the others. Batches 1 and 6 have low 
cement and high f lyash.  

The d u r a b i l i t y  t e s t i n g  i s  summarized i n  Table 4-4. Review of t h i s  t a b l e  
indicates that  a l l  of t h e  cylinders f a i l e d  t h e  freeze/thaw t e s t i n g .  I n  general, 

it i s  l i k e l y  that  t h e  cylinders f a i l e d  the durabil i ty  test because the water t o  
pozzolan r a t i o  was too high (W/P Ratio ranged from .69 t o  .99). 

A l l  of t h e  cylinders f a i l e d  i n  t h e  wet/dry t e s t i n g  very e a r l y  i n  the t e s t i n g .  

The reason f o r  t h i s  f a i l u r e  may be related t o  t h e  s u l f a t e  present i n  t h e  

c l a r i f i e r  sludge having adverse reactions w i t h  components i n  the Type C f lyash.  
A t  t h e  elevated temperatures (7O0c) which the t e s t  i s  conducted, during the 
drying c y c l e ,  the s u l f a t e  reacts with components of the flya8h t o  form an 

unstable product and subsequent f a i l u r e  of the t e s t .  Additionally,  t h e  high 
water t o  pozzolan r a t i o  may have contributed t o  the cylinders f a i l i n g  the wet/dry 
t e s t s .  
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TABLE 4-3 

B a t c h  4 

B a t c h  5 

B a t c h  6 

B a t c h  7 

USC RESULTS (psi) 
CLARIFIER - LIME/CEMENT/FLYASH + SODIUM SILICATE 

~~~ ~~ 

>637 >637 >637 

542 >637 >637 

354 299 461 

>637 >637 >637 

7-Day #2 

B a t c h  1 

B a t c h  2 >637 

B a t c h  3 207 304 316 

B a t c h  8 

B a t c h  9 

347 293 323 

>637 >637 >637 
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5.0 STABILIZATION OF CLARIFIER MATRIX CENTER POINTS FOR 
DURABILITY TESTING WITH LIME/CEMENT/FLYASB + ADDITIVE 

5.1  PURPOSE 

The purpose of these tests was to analyze the durability effect of additives to 
the center point mixture of lime/cement/flyash. Three batches were mixed. These 
three batches are the center points from previous tests. These batches served 
as quality control checks for consistency thus duplicating some TCLP and UCS 
measurements. The emphasis was on the durability of the cylinders in the hope 
these results could be extrapolated throughout their respective matrices. 

5.2 PROCEDURE 

Initially a sludge mixture is to be made using 5 parts clarifier sludge and 1 
part clarifier water (by volume). This ratio of the "sludge mixture' was held 
constant for all three batches. The percent solids of the "sludge mixture' was 
approximately 25 .3%.  The batches mixed are defined in Table 5-1. 

Hydrated lime (20 grams) was used to achieve a pH of 11.5 to 12 for the sludge 
mixture. Following the pH adjustment, the Type V cement, Type C 'fComanche"~ 
flyash and additive (if required) was added. The mixture incorporating silicate, 
a8 sodium silicate, was added at 10% of the weight of the cement in the mixture. 
The mixture incorporating plastic fibers was added at approximately 0.025% of the 
total weight of the pozzollanic material in the mixture. The mixture was wet 
mixed for 5 minutes in a HOBART mixer. 

Six cylinders were made for each batch. After curing, products were tested for 
UCS using ASTM Method C39-86. TCLP extraction and metals analysis were also 
conducted. The freeze/thaw and wet/dry durability test procedures were modified 
to enable the testing to be completed in an expedient manner because of schedule 
constrains. The control cylinder (i.e., volume and moisture control specimen) 
was omitted, thus only one cylinder was submitted for each test. The dimension 
measurements and the weighing of the cylinders were omitted. Brushing of the 
cylinders was done as specified in the methods. The freezejthaw procedure was 
accelerated by educing the time of freezing from 24 hoursjcycle to 12 
hours/cycle. The wet/dry procedure was accelerated by decreasing the drying 
period from 42 hours to 19 hours and the time of submergence from 5 hours to 4 
hours. Table 5-2 defines curingtimes and the cylinders required for each test. 
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TABLE 5-1 

Sludge 
Mixture Cement Flpash Additive 

Batch 1 2000 g 6 7 0 . 0  g 1300.0 g NA 

Batch 2 2000 g 670.0 g 1300.0 g 67.0 g silicate 

BATCBES FOR CLARIFIER CENTER POINT STABILIZATION 
LIME/CEMENT/FLYASH + ADDITIVE 

Lime 

20 9 

20 g 

Batch 3 2000 g 6 7 0 . 0  g 1300.0 g 0.55 g fibers 20 9 

NA - N o t  Added 

Curing TCLP Freeze/!t!haw Wet/Drp 
Time ucs (Metals ) * + ucs + ucs 
48 Hrs 1 1 1 1 

7-Day 1 NA NA NA 

TABLE 5-2 

I 

SUMMARY OF TESTING SCHEDULES FOR CENTER POINT STABILIZATION OF 
CLARIFIER LIME/CEMENT/FLYASH + ADDITIVE 

NA - N o t  Analyzed 
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5.3  RESULTS 

T h i s  section w i l l  provide the r e s u l t s  for UCS and durabil i ty  t e s t i n g .  

The TCLP r e s u l t s  are not provided i n  t h i s  section because the data i s  inaccurate. 
These r e s u l t s  are not v a l i d  because of incorrect interpretation of the TCLP 
method by t h e  laboratory technician conducting the analysis.  Upon receiving t h e  

r e s u l t s ,  discussion8 w i t h  the laboratory determined t h a t  t h e  laboratory 
technician was adding more a c e t i c  acid t o  prepare t h e  extraction f l u i d  than what 
was specif ied by the method. The TCLP Method indicates t h a t  5 . 7  m l  of acid 
should be used i n  preparing the extraction f l u i d .  The method s t a t e s  that  the 
extraction f l u i d  should be discarded if the pH i s  not correct ( 2 . 8 8  +/- 0 . 0 5  
Standard U n i t s ) .  The technician was adding additional acid t o  achieve a PH Of 

approximately 2.88 which i s  incorrect. The additional acid i n  the extraction 

f l u i d  resulted i n  the pH of the leachate being lower then i f  the proper amount 

of acid was added. Because t h e  pH was decreased t o  approximately 5 . 0  i n  the 
leachate, t h e  metals became more soluble resulting i n  leachate concentrations 
t h a t  were very high above the LDR standards. 

UCS r e s u l t s  are provided i n  Table 5-3. 

cylinders became hard with strengths greater than 637 p s i .  

which can be determined i n  the laboratory i s  637 p s i .  

The UCS results indicate  t h a t  a l l  of the 

The maximum strength 

Durabil i ty  t e s t i n g  i s  summarized i n  Table 5-4. Review of t h i s  t a b l e  indicates 

that cylinders from Batches 1 and 2 f a i l e d  t h e  freezelthaw t e s t i n g .  Batch 3 

passed t h e  d u r a b i l i t y  test,  however, the UCS result  indicated that  the strength 
was s i g n i f i c a n t l y  reduced. It i s  l i k e l y t h a t t h e  cylinders f a i l e d  the durabil i ty  
test because t h e  water to pozzolan r a t i o  was too high (W/P Ratio ranged from .69 

t o  .99). 

A l l  of t h e  cylinders f a i l e d  i n  the wet/dry t e s t i n g  very early  i n  t h e  t e s t i n g .  
The reason for  t h i s  f a i l u r e  may be related t o  the s u l f a t e  present i n  the 

c l a r i f i e r  sludge having adverse reactions w i t h  components i n  t h e  Type C f lyash.  
A t  t h e  elevated temperatures (7OoC) which t h e  test i s  conducted, during the 

drying cycle,  the s u l f a t e  reacts w i t h  components of the f lyash to form an 
unstable product an subsequent f a i l u r e  o f t h e  t e s t .  Additionally,  the high water 
t o  pozzolan r a t i o  may have contributed t o  the cylinders f a i l i n g  the wet/dry 
t e s t s .  
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TABLE 5-3 

M i x  

B a t c h  1 

B a t c h  2 

B a t c h  3 

L 
48 Brs. 7 -Day 28-Day 

>637 >637 NA 

>637 >637 NA 

>637 >637 NA 

UCS RESULTS (psi) 
CLARIFIER - LIME/CEMENT/FLYASH + ADDITIVE 
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6.0  CONCLUSIONS 
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This section will provide the conclusions derived from this testing and provide 
recommendations for treatability work involving the combination of 207C slurry 
with the clarifier contents. The following are major conclusions based on the 
data provided in this report: 

The additives tested (i.e., plastic fibers and sodium silicate) did not 
appear to provide significant improvement for durability or strength 
when compared to the lime/cement/flyash mixture. 

All of the mixtures with Type V cement and Type C flyash at a center 
point ratio of 1 to 2 achieved UCS result of at least 100 psi and had no 
free water present after curing. The water to pozzolan (cement plus 
flyash) ratios that were tested are as follows: 

Batch 1 = 0.69 
Batch 2 = 0.61 
Batch 3 = 0.99 
Batch 4 = 0.82 
Batch 5 = 0.76 

The formulations prepared were not adequate for the freezelthaw and 
wet/dry durability testing. Very few cylinders successfully passed the 
freeze/thaw test and none passed the wet/dry test. The reason for the 
failures in the freezelthaw testing is believed to be related to 
insufficient quantities of pozzolans. Testing on other waste streams 
(207C slurry and 207 A/B sludge) indicate that the water to pozzolan 
ratio should be less than .50 to successfully pass the durability 
testing. Failure for the wet/dry testing is likely related to the high 
water to pozzolan ratio and also the presence of sulfate in the 
clarifier sludge. The sulfate may react with components of the Type C 
flyash during the drying cycle of the wet/dry test resulting in an 
unstable product and subsequent failure of the test. 

The results of the TCLP analysis for the lime/cement/flyash formulation 
using 0.8% to 1.0% lime by weight of the total end product successfully 
met all Land Disposal Restriction criteria. TCLP results for the other 
formulations are not valid because of errors in the laboratory procedure 
for TCLP extraction which resulted in an apparent failure of the LDR 
criteria. The results of the TCLP analysis which failed should be 
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disregarded. 
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RECOMMENDATIONS 

1. Future formulations with the clarifier should use a water to pozzolan ratio 
greater than .50. 

2 .  The quantity of lime will be increased to 1.4% of the total weight of the 
end product which should provide a safety margin for the TCLP analysis. 

3 .  The formulations devised for the 207C material combined with the clarifier 
material should include a mixture which only uses Type V cement to avoid 
failure in the wetJdry test because of sulfate reacting with Type C flyash. 
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TO: 

FROM: 

SUBJECT: 

1 . 0  

TED BITTNER 

ROB SIMCIK 

CYANIDE OXIDATION TEST 
EG&G ROCKY FLATS SOLAR 
REVISION NO. 1 

PURPOSE 

DATE : 

cc: 

MARCH 15, 1992 

DISTRIBUTION 

RESULTS FOR POND 207C 
POND STABILIZATION PROJECT 

The characterization data for Pond 207C indicate that the total 
cyanide concentration in the water is above the LDR standard for 
wastewater and that the total cyanide concentration in the sludge 
is below the LDR standard for non-wastewater (see attached memo). 
The characterization data for Pond 207C waters indicates that the 
total cyanide concentration ranges from 3.3 to 20 mg/l with an 
average concentration of 7.7 mg/l. The LDR standard for total 
cyanide is 1.2 mg/l for F006 listed wastes, which is applicable 
for Pond 207C. 

Testing was conducted to oxidize the cyanide in Pond 207C using 
calcium hypochlorite, chlorine dioxide, and hydrogen peroxide. The 
testing was conducted initially on 207C slurry (5 parts water, 1 
part crystal, and 1 part silty sludge), however; as the testing 
progressed, tests were conducted only on the water to conserve 
quantities of silty sludge and crystal. 

1.1 ALKALINE CHLORINATION 

The oxidation of cyanide with calcium hypochlorite and chlorine 
dioxide is commonly referred to as alkaline chlorination. 
Typically, this process is conducted in two steps. In the first 
step, CN is oxidized to cyanate, and in the second step, cyanate 
is oxidized to carbon dioxide and nitrogen. The first step is 
conducted at a pH of 9 . 0  to 10.0, and the second step is conducted 
at a pH of 8.0  to 8.5.  In many cases, only oxidation to cyanate is 
required to achieve discharge limits. 

The stoichiometric requirement for the oxidation of cyanide to 
cyanate is approximately 2.7 mg/l of chlorine per mg/l of CN TO 
oxidize cyanate to completion, 2 . 4  mg/1 of chlorine per mg/l of 
CNO- is required. Therefore, a maximum chlorine dosage of 
approximately 119 mg/l should be sufficient to oxidize the maximum 
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total cyanide to cyanate. The dosage of chlorine should be based 
on the total cyanide concentration because complexed cyanide should 
dissociate to maintain equilibrium as the free cyanide is oxidized. 

1.1.1 Cyanide Oxidation With Calcium Hypochlorite 

Tests were conductedto determine if chlorination of 207C composite 
waste using calcium hypochlorite would sufficiently oxidize the 
cyanide present in the pond, and if so, the optimal conditions. 
Calcium hypochlorite dosage, pH, and retention time were the 
parameters evaluated in the oxidation testing. 

The experiments were designed to evaluate calcium hypochlorite 
concentrations from approximately 100 pprn to ~ O , O O O  ppm; varying 
the retention time from 30 minutes to 24 hours; and varying the pH 
from 9.0 to 11.0. Four tests were conducted to determine the 
effect of varying the above parameters. Each test is briefly 
described below: 

0 Test #1 - This test was conducted on 1/09/92. The testing 
parameters were calcium hypochlorite concentration, pH, and 
retention time. The retention time was varied from 15 to 30 
minutes, the calcium hypochlorite dosage was varied from 100 
to 5000 ppm, and the pH was varied from 9.0 to 11.0. 

0 Test #2 - This test was conducted on 1/10/92. This test Used 
a 30 minute retention time, a pH of 9.0 & 10.0, and calcium 
hypochlorite concentrations of 100 ppm & 500 ppm. 

0 Test #3 - This test was conducted on 1/14/92. This test used 
a 30 minute retention time with the pH varying from 9.0 to 
10.0, and calcium hypochlorite concentrations of 5000 ppm and 
10,000 ppm. 

0 Test #4 - This test was conducted on 1/16/92. This test 
varied retention time with a constant pH and calcium 
hypochlorite concentrations of 1000 ppm and 5000 ppm. 

1.1.2 Cyanide Oxidation With Chlorine Dioxide 

The testing with calcium hypochlorite was unsuccessful in achieving 
the LDR standards for total cyanide. Because chlorine dioxide is 
a stronger oxidant than calcium hypochlorite, tests were conducted 
to determine if a stronger oxidant would oxidize the total cyanide. 
Testing with chlorine dioxide was conducted using a concentration 
of 1500 ppm at a pH of 9.7. This concentration is well above the 
calculated stoichiometric requirement for oxidation of all total 
cyanide. Samples were collected after 1 hour and 24 hours of 
reaction time. 
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1.2 HYDROGEN PEROXIDE OXIDATION 

The tests using alkaline chlorination were unsuccessful in 
oxidizing the cyanide; therefore, hydrogen peroxide was tested to 
determine its ability to oxidize the cyanide. Oxidation with 
hydrogen peroxide is generally conducted at a pH of 8.5 to 10.0. 

The cyanide is first oxidized to.cyanate which is then slowly 
hydrolyzed to form carbon dioxide and ammonia. This reaction rate 
is greatly increased by traces of catalytic metals, such as copper 
and iron. Typically, 1.3 mg/l of hydrogen peroxide is required to 
oxidize 1.0 mg/l of cyanide. 

Three separate tests were conducted using hydrogen peroxide. The 
testing evaluated hydrogen peroxide, hydrogen peroxide with cupric 
sulfate, and hydrogen peroxide with ferrous sulfate (Fenton's 
Reagent). 

2.0 PROCEDURE 

The initial testing for cyanide oxidation was conducted on the 
combined material slurried at a 1/1/5 ratio of silty sludge, 
crystal, and pond water, respectively. As testing proceeded and it 
was determined that more testing was needed because of the 
unsuccessful results, testing was conducted only on the water from 
Pond 207C. The decision to conduct tests on only water was made to 
avoid using large quantities of the slurry which was needed for 
testing of the stabilization formulas. 

Prior to oxidation, total and amenable cyanide analyses were 
performed on the composited sludge or water and recorded as the 
baseline concentration. Typically, a baseline analysis was 
conducted at the beginning of each separate experiment. A summary 
of the baseline results are shown in Table 2-1. 

The data in Table 2-1 indicate that there is significant 
variability in the cyanide analysis, which is likely caused by the 
cyanides being complexed with metals and/or the high concentration 
of dissolved solids in 207C water. The analysis for weak and 
dissociable cyanide (W&D) may be a more accurate measurement of 
amenable cyanide, which typically was reported as a negative number 
in the characterization report. Negative numbers are commonly 
associated with amenable cyanide analysis when cyanides are 
complexed with metals. The baseline average concentration for 
total cyanide is 5.4 mg/l. 
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2.1 CYANIDE OXIDATION WITH CALCIUM HYPOCHLORITE 

TEST 1 

Three experiments were performed usingthe following concentrations 
of calcium hypochlorite: 100 ppm, 1000 ppm, and 5000 ppm. The 
calcium hypochlorite had a purity of 65 %. In each experiment, the 
pH was adjusted using hydrochloric acid or sodium hydroxide to 
achieve pH values of 9.0, 9.5, 10.0, 10.5, and 11.0. Each 
experiment was designed for sample collection for analysis after 15 
and 30 minutes of retention time. After collecting the sample, 
the oxidation reaction was intended to be stopped by addition of 
sodium thiosulfate. To determine the amount of sodium thiosulfate 
to be added, residual chlorine was monitored by using a chlorine 
probe. 

When the samples were submitted for analysis, the laboratory 
technician checked for residual chlorine using potassium iodide 
(KI) paper and found that all of the samples contained chlorine. 
Thus, the reactions had not been stopped after the intended 
reaction time. The decision was made to forego analysis because 
all the reaction times could not be determined (Note: at that time 
it was believed that the oxidation of cyanide would be relatively 
straight forward). Based on the observations of the technician it 
was realized that the chlorine probe was unable to provide accurate 
results because of the high dissolved solids concentrations. A 
determination was made to use both KI paper and ortho-toluidine to 
assure no residual chlorine would be present in samples generated 
in the future. 

Because of the concern that the reaction time was not known, not 
all of the samples were analyzed. Three of the samples were 
analyzed when they were submitted and five samples were analyzed at 
a later date (approximately 11 days later) to determine if any 
oxidation occurred. These samples were analyzed after testing 
determined that the cyanide was not simple to oxidize and that a 
long reaction time might be required if the cyanides are complexed 
with metals. Table 2-2 
summarizes the trials conducted during Test 1. 

These results are provided in Section 3.0. 

TEST 2 

In this experiment the retention time was held constant at 30 
minutes by stopping the oxidation reaction with sodium thiosulfate. 
The 207C composite sludge pH and concentration of calcium 
hypochlorite were varied from a starting point of 10.3 to the 
desired pH using hydrochloric acid. The trials performed are as 
shown in Table 2-3. The results from the total and amenable 
cyanide analyses are provided in Section 3.0. 
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TEST 3 

In this experiment the retention time was held constant at 30 
minutes while varying the pH and concentration of calcium 
hypochlorite. The initial pH of the 207C composite was 10.1. 
Hydrochloric acid was used to lower the pH to the desired level. 
The experiment trial runs are as shown in Table 2-4. The results 
from the total and amenable cyanide analysis are provided in 
Section 3.0. 

TEST 4 

This test used 207C pond water with an initial pH of 9.8, which 
was not adjusted. Two experiments were performed at calcium 
hypochlorite concentrations of 1000 ppm and 5000 ppm. The reaction 
times tested were 30 minutes, 90 minutes, 180 minutes, and 24 
hours. The reaction was stopped using sodium thiosulfate. The 
samples were analyzed for total and amenable cyanide. The results 
are provided in Section 3.0. Table 2-5 summarizes the trials 
conducted during Text 4. 

2.2 OXIDATION USING CHLORINE DIOXIDE 

This experiment was conducted to determine the effectiveness of 
chlorine dioxide to oxidize the cyanide found in Pond 207C water. 
Retention times of 1 hour and 24 hours were tested with all other 
variables held constant. The 207C pond water had an initial pH of 
10.2. 

Because of the difficulties in achieving reproducible results, 
three analytical testing methods were used to determine the 
concentration of cyanide present. The methods are: ASTM D2036 
Total and Amenable Cyanide Method, EPA 335.2 Total and Amenable 
Cyanide Method, and ASTM D2036 Weak & Dissociable Cyanide Method. 
The 207C pond water was submitted for baseline analysis using all 
three testing procedures. The results are shown in Table 2-1. 

A saturated solution of chlorine dioxide was prepared at a 
concentration of 3000 ppm. The chlorine dioxide solution (600 ml) 
was added to 600 ml of 207C water to obtain a concentration of 1500 
ppm chlorine dioxide. The pH of the mixture dropped from 10.2 to 
9.3 when the chlorine dioxide solution was added to the pond water. 
To increase the pH, 42 ml of IN sodium hydroxide was added which 
increased the pH to 9.7. After the addition of the sodium 
hydroxide the solution became very cloudy and a significant amount 
of fine white precipitate was formed. Samples were submitted after 
1 hour and 24 hours of contact time with constant mixing. The 
results are provided in Section 3.0. 
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2.3 CYANIDE OXIDATION WITH HYDROGEN PEROXIDE 

Three tests were conducted to evaluate hydrogen peroxide for 
oxidizing cyanide in Pond 207C water. The first test used hydrogen 
peroxide at a concentration of 1000 ppm. The second experiment 
evaluated hydrogen peroxide with cupric sulfate to enhance the 
reaction. The third experiment used hydrogen peroxide and ferrous 
sulfate at a pH of 5.0.  The third experiment is representative of 
Fenton's Reagent, which is a strong oxidant. 

TEST 1 

Six ( 6 )  ml of 50% hydrogen peroxide was added to 3 liters of 207C 
water to obtain a concentration of 1000 ppm of hydrogen peroxide. 
Samples were collected after 1 hour and 24 hours of reaction time. 
The results of this testing are provided in Section 3.0. 

TEST 2 

Four liters of 207C Pond Water were collected and a l-liter aliquot 
was submitted for baseline cyanide analysis using ASTM D2036 by 
colorimetric and titration analysis for both total and amenable 
cyanide. 

The remaining 3 liters of sample were divided into 2 liter and 1 
liter aliquots which were used for Tests 2 and 3, respectively. 
The pH of the 2-liter sample was adjusted to 10.0 with 12 grams of 
hydrated lime. Hydrogen peroxide ( 5 0 % )  was added at a 
concentration of 2000 ppm ( 8 .0  ml) and cupric sulfate was added at 
a concentration of 50 ppm (loo mg). The mixture was stirred 
continuously and samples were removed after 1 hour and 24 hours. 
The samples were submitted for cyanide analysis using ASTM D2036 
colorimetric and titration method for both total and amenable 
cyanide. 

The results are provided in Section 3.0. 

The results are provided in Section 3.0. 

TEST 3 

This test evaluated the use of Fenton's Reagent, a powerful 
oxidant, to destroy the cyanide in the 207C Pond water. Fenton's 
chemistry occurs at a pH of 5.0 when hydrogen peroxide is mixed 
with ferrous sulfate. The pH was adjusted by adding 19 ml Of 
sulfuric acid to the 1 liter sample of 207C pond water. Hydrogen 
peroxide (50% solution) was added to achieve a concentration of 
2000 ppm ( 4  ml) and ferrous sulfate was added to a concentration of 
150 ppm (150 mg). The mixture was stirred continuously and 
samples were collected after 1 and 24 hours. The samples were 
submitted for total and amenable cyanide analysis. The results are 
provided in Section 3.0. 
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3.0 RESULTS 

The results from the cyanide oxidation tests are provided in the 
following section. The results from the cyanide analysis indicate 
that the sample matrix causes interferences with the analytical 
procedure. The data reported from the laboratory commonly have 
notes on those samples which were used for matrix spikes indicating 
that there are matrix interferences. 

3 . 1  CYANIDE OXIDATION RESULTS USING CALCIUM HYPOCHLORITE 

TEST 1 

The results for Test 1 are shown in Table 3-1. These results are 
somewhat ambiguous because the oxidation reaction was not stopped 
at the proper time because of interferences with the chlorine 
probe. Although the exact reaction time for each test is not 
known, it is greater than 24 hours in all cases. The results 
indicate that the LDR standards could not be achieved under the 
conditions that were tested. The dosages of calcium hypochlorite 
were above the required stoichiometric concentration to oxidize the 
cyanide under ideal conditions. Review of the data in Table 3-1 
suggests that a reduction in the cyanide concentration occurred 
when compared to the average baseline concentration. However, 
since there was no baseline analysis performed at the time the 
samples were submitted, an exact determination of the destruction 
of cyanide can not be made. When the remaining tests are reviewed 
it will become apparent that the cyanide is not oxidized and 
differences in the cyanide concentrations are likely a result of 
analytical variances. 

TEST 2 

Test 2 was conducted to repeat the oxidation testing performed in 
Test 1. The initial testing was duplicated because of concerns in 
Test 1 regarding the The 
results, provided in Table 3-2, suggest that as much as 70% of the 
total cyanide was reduced, although the cyanide was still above the 
LDR standard. However, there is also considerable variance in the 
final cyanide analytical data. 

inability to stop the cyanide oxidation. 

TEST 3 

This experiment was conducted at high concentrations of calcium 
hypochlorite to ensure that the oxidizing agent was not the 
limiting factor. The results of this testing are shown in Table 
3-3. The data does not indicate any significant reduction in 
cyanide concentrations and demonstrates the variability in the 
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analytical results. 
to levels below the LDR standards. 

The concentrations of cyanide were not reduced 

TEST 4 

This test was conducted at a high concentration of calcium 
hypochlorite with longer retention times. The longer retention 
time was thought to be necessary if the cyanide was complexed with 
metals. The data indicate 
that the analytical results are extremely variable. Samples 
collected after 30 and 90 minutes, at a concentration of 1000 ppm, 
suggest that the standard is achieved; however the same sample 
collected after 180 minutes and 24 hours indicate that the cyanide 
concentration increased from the samples collected earlier. The 
results that were below the LDR standards are likely analytical 
anomalies. 

The results are provided in Table 3-4. 

3.2 CYANIDE OXIDATION RESULTS WITH CHLORINE DIOXIDE 

Chlorine dioxide was tried with the hope that a stronger oxidant 
would be more effective oxidizing the cyanide. Because of the 2:l 
dilution after the addition of the chlorine dioxide solution, the 
measured cyanide concentration should be multiplied by 2 to correct 
for the dilution. The results are provided in Table 3-5. The 
results indicate that 1500 ppm chlorine dioxide with a maximum 
contact time of one day was unable to oxidize the cyanide to 
achieve the LDR standard. 

Also shown in Table 3-5 are analytical results for cyanide using 
several different methods. Cyanide analysis using different 
methods was conducted to determine if a particular method would 
provide accurate results for amenable cyanide, which consistently 
produced negative values. The results demonstrate significant 
variability between the ASTM method and the EPA method. The weak 
and dissociable analysis provides a result which should be somewhat 
representative of amenable cyanide. 

3.3 CYANIDE OXIDATION RESULTS WITH HYDROGEN PEROXIDE 

Hydrogen peroxide was tested to determine if constituents in 207C 
pond water were interfering with the alkaline chlorination 
reaction. Three tests were conducted with hydrogen peroxide. The 
results are discussed below. 



TABLE 2-1 

BASELINE ANALYSIS FOR CYANIDE 

MATRIX 
~ 

PROCEDURE -1 METHOD 

~ 11 Sludge ]I ASTM 2036) COLORIMETRIC 

TOTAL CYANIDE 
(PPm) 

6.7 

3.1 11 Sludge 11 ASTM 2036 I COLORIMETRIC 

AMENABLE 
CYANIDE 

(PPm) 

-7.2 

-8.7 

ASTM 2036 COLORIMETRIC 

ASTM 2036 COLORIMETRIC 

ASTM 2036 COLORIMETRIC 

Water ASTM 2036 TITRATION 

ASTM 2036 COLORIMETRIC 

Water EPA 335.2 COLORIMETRIC 

Trial # Volume PH HCL NaOH Ca (ClOJ, Ca(C1 0l2 
of 207C Added Added PPm Added 

1 600 ml 9.0 40 ml -- 100 .06 Q 

2 600 ml 9.5 18.5 ml -- 100 .06 g 

3 600 ml 11 .o -- 38.5 ml 1000 .6 Q 

4 600 ml 9.0 38.5 rnl -- 5000 3 g  

5 600 ml 9.5 22 ml -- 5000 3 g  

6 600 ml 10.0 7.0 ml -- 5000 3 g  

7 600 ml 10.5 -- 9 ml 5000 3 Q  

i 3 Q  8 600 ml 11.0 -- 33ml , 5000 

- 

11 1 -140 

( 1 )  This represents the analytical result for  a weak and diesociable cyanide 
which should be similar to the value for amenable cyanide. This test was 
conducted because of the difficulties in analyzing the waste for amenable 
cyanide as shown by the negative results. 

TABLE 2-2 

CALCIUM HYPOCHLORITE OXIDATION TEST #I 



TABLE 2-3 

CALDIUM HYPOCHLORITE OXIDATION TEST #2 

* 

TRIAL 207C PH HCL Ca(CIO1, Ca(CIO1, 
# VOLUME ADDED PPm ADDED 

1 600 ml 9.0 38 mi 100 mg/i 0.06 g 

2 600 ml 10.0 5 ml 100 mg/i 0.06 g 

3 600 mi 9.0 39 mi 500 mg/i 0.30 g 

4 600 ml 10.0 6 mi 500 mg/l 0.30 g 

TRIAL 
# 

1 

2 

3 

4 

TABLE 2 4  

CALCIUM HYPOCHLORITE OXIDATION TEST #3 

VOLUME PH HCL CalCIO), Ca(CIO1, 
ADDED 207C ADDED PPm 

600 ml 9.0 42.5 ml 5,000 3 g  

600 ml 9.5 17.5 ml 10,000 6 g  

600 mi 10.0 2.5 mi 5,000 3 g  

600 ml 9.0 48.5 mi 10,000 6 g  

600 mi 9.5 19.5 ml 5,000 3 8  

\I I I I I 1 6 g  
6 600 ml 10.0 4.0 ml 10,000 



TABLE 2-5 

Trial # 

1 

CALCIUM HY POCHLORtTE OXIDATION TEXT #4 

Volume PH Ca(C1 0l2 Ca(ClO), 
of 207C PPm Added 

1200 ml 9.8 1000 1.2 g 

2 

3 

4 

1200 ml 9.8 1000 1.2 g 

1200 ml 9.8 1000 1.2 g 

1200 ml 9.8 1000 1.2 g 

5 1200 ml 9.8 5000 6 9  

6 1200 ml 9.8 5000 6 9  

7 1200 ml 9.8 5000 6 9  
: 

I 1200 ml I 9.8 1 5000 1 6 0  8 

TABLE 3-1 

CALCIUM HYPOCHLORITE OXIDATION RESULTS, TEST #1 

NA - not applicable 
NR - no results, test not performed. 



TO: TED BITTNER 
MARCH 15,  1992 PAGE NINE 

TEST 1 

Test 1 used hydrogen peroxide at a concentration of 1000 ppm, which 
is significantly higher than the stoichiometric requirement of 26 
mg/l (maximum based on 2 0  mg/l of cyanide). The results shown in 
Table 3 - 6  indicate that hydrogen peroxide at 1000 ppm was unable to 
oxidize cyanide to achieve the LDR standard over a 24-hour reaction 
time. 

Additionally, the hydrogen peroxide was unable to oxidize the weak 
and dissociable cyanide. The weak and dissociable cyanide should 
be readily oxidized with hydrogen peroxide. This observation 
suggests that the high salt content of the pond water interferes 
with the cyanide oxidation reaction. 

Table 3 - 6  also indicates that there was significant variability in 
the analysis for cyanide. The results using the EPA method and 
the ASTM method do not correlate well. 

TEST 2 

Test 2 evaluated hydrogen peroxide with cupric sulfate. The 
addition of cupric sulfate helps to catalyze the cyanide oxidation 
reaction. As in Test 1, the dosage of hydrogen peroxide is well 
above stoichiometric requirements, as is the dosage of cupric 
sulfate. The results, shown in Table 3-7 indicate that the cyanide 
was not oxidized to levels below the LDR standards. 

Table 3-7 also provides results of cyanide analysis by colorimetric 
and titration (ASTM D 2 0 3 6 ) .  These results also demonstrate 
significant variability. 

TEST 3 

Test 3 evaluated the effect of hydrogen peroxide with ferrous 
sulfate, which may enhance the oxidation of cyanide at a pH of 5.0. 
The results of this testing, provided in Table 3-8, indicate that 
cyanide was not oxidized to a level below the LDR standards. As in 
Table 3-7, there is significant variability between the 
colorimetric and titration analysis methods. 

4 . 0  CONCLUSIONS 

The analytical results for total cyanide clearly indicate that the 
207C Pond water is difficult to analyze due to matrix interferences 
which are likely attributed to the high salt content. Analysis for 
amenable cyanide can not accurately be conducted based on the 
frequency of negative values that are reported. 
suggests that much of the cyanide is complexed with metals. 

This observation 
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The cyanide present in Pond 207C water is extremely resistant to 
oxidation. Typically, alkaline chlorination is successful in 
reducing the concentration of cyanide; however, the tests conducted 
on the 207C waters did not significantly reduce the cyanide levels. 
Oxidation with hydrogen peroxide was also unsuccessful in reducing 
the levels of cyanide to below the LDR standards. Fenton's 
reagent, which is a very strong oxidant, was also unable to 
significantly reduce the cyanide concentrations. Although there 
was significant variability in the analytical results, the data 
suggests that the oxidizing agents had almost no effect on the 
cyanide concentration. The reason for this observation is not 
clear, although it is likely related to the high salt content in 
the pond and/or the cyanide being complexed with metals. 



TABLE 3-2 

CALCIUM HYPOCHLORITE OXIDATION RESULTS, TEST #2 

~ 

TRIAL Ca(CI0 la RET. PH TOTAL AMEN. 
# (Ppml TIME CN CN 

LDR Limit -- - - 7.2 0.1 

Baseline NA NA 10.1 6.7 -7.2 
Test #2 

1 100 30 rnin. 9.0 3.2 0.69 

2 100 30 rnin. 10.0 3.9 0.97 

3 500 30 min. 9.0 2.0 -2.2 

4 500 30 min. 10.0 2.7 0.82 

~ 

TRIAL Ca(C1012 RET. PH TOTAL AMEN. 
# (PPW TIME CN CN 

--- --- 1.2 0.1 

Baseline NA NA 10.3 3.1 -8.7 

LDR Limit --- 

Test #3 
: 

NA - not applicable 
NR - no results, test not performed. 

1 

2 

3 

4 

5 

6 

TABLE 3-3 

CALCIUM HYPOCHLORITE OXlDATiON RESULTS TEST #3 

5000 30 min. 9.0 4.5 -9.2 

10,000 30 min. 9.5 3.8 -0.7 

5000 30 min. 10.0 3.2 -7.7 

10,000 30 min. 9.0 4.6 1.3 

5000 30 min. 9.5 3.6 -9.4 

I 10,000 30 min. 10.0 1.7 -1 9 

NA - not applicable 
NR - no results, test not performed. 
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TRIAL 
# 

LDR Limit 

Baseline 
Test #4 

TABLE 3-4 

CALCIUM HYPOCHLORITE OXIDATION RESULTS, TEST #4 

Ca(CIO), RIX. PH TOTAL AMEN. 
(PPml TIME CN CN 

--- -- 1.6 0.1 

NA NA 9.8 1.5 -29 

-- 

1 

2 

3 

4 

5 

6 

7 

8 

1000 30 min. 

1000 90 min. 

1000 180 min. 

1000 24 hrs. 

5000 30 min. 

5000 90 min. 

5000 180 min. 

5000 24 hrs. 

9.8 

9.8 

9.8 

9.8 

9.8 

9.8 

9.8 

9.8 

NA - not applicable 
NR - no results, test not performed. 

1.1 0.063 

0.97 -3.9 

1.7 -1.9 

2.0 -4.4 

1.7 0.95 

1.8 -1.2 

1.6 -4.9 

1.4 -1 4 

TABLE 3-5 

RET. 
TIME 

CHLORINE DIOXIDE OXIDATION RESULTS 

Cyanide by Cyanide by 
CONC. ASTM D2036 EPA 335.2 

Total Amen. Total Amen. 
(PPm) PH 

OXIDANT I LDR Limit 

Baseline 

c102 

- 1 -- --- --- 1.2 0.1 1.2 0.1 

ASTM D2036 

Weak & Diss. 

0 

1 hr 

24 hrs. 

NIA 10.2 4.1 -1 30 11 -140 

1500 9.7 1.8 -9 9 NIA NIA 
(3.6)’ 

1500 9.7 2.6 -1 1 NIA NIA 
(5.2)’ 

1 Concentration of sample should be multiplied by 2 because of the dilution from Chlorine Dioxide solution. 



I 
I 
1 
I 
I 
1 
I 
D 
1 
I 
I 
1 
I 
I 

- 
CYANIDE BY CYANIDE BY 

cuso, COLORIMETRIC TITRATION 
(PPm) 

OXIDANT R n .  CONC. OF PH 
TIME HzOz AND ASTM 02036 ASTM D2036 

TOTAL AMEN. TOTAL AMEN. 

I- -- 1.2 0.1 1.2 0.1 LDR Limit --- 

Baseline 0 NA 9.2 6.3 1.1 5.2 c 5  

H Z 0 2  & 1 HR. 2000/50 10 5.7 2.5 16 < 5  
cuso, 

HZOZ 24 HRS. 2000/50 10 5.3 0.62 5.2 < 5  
cuso, 

TABLE 3-6 

HYDROGEN PEROXIDE OXIDATION RESULTS, TEST #1 

OXIDANT 

LDR Limit 

11 OXIDANT I RET. 

1I-L LDR Limit 

Base- 
line 

24 hrs. 

~ 

NA 

1000 

1000 

T 

TOTAL & CYANIDE BY CYANIDE BY 
AMENABLE EPA 335.2 ASTM D2036 
CYANIDE BY 

PH 

ASTM D2036 TOTAL AMEN. W E A K &  
DES. 

I 1.210.1 1.2 0.1 - 
10.2 4.1 /-130 11 -1 40 2.9 

10.1 0.16 1-93 NA NA NA 

10.1 4.3 1-1 1 5.9 -1 40 2.4 

NA - not applicable 

TABLE 3-7 

HYDROGEN PEROXIDE OXIDATION RESULTS TEST #2 

NA - not applicable 
NR - no results, Test not performed 



TABLE 3-8 

OXIDANT 

Base line 

LDR Limit 

H A  al 

FeSO, 

FeSO, 
H A  84 

HYDROGEN PEROXIDE OXIDATION RESULTS TEST #3 

CYANIDE BY CYANIDE BY 
HZ02 AND ASTM 02036 ASTM 02036 

cuso, COLORIMETRIC TITRATION 
( P P d  

RET. TIME CONC. OF PH 

TOTAL AMEN. TOTAL AMEN. 

0 NA 9.2 6.3 1.1 5.2 < 5  

- --- --- 1.2 0.1 1.2 0.1 

1 HR. 2000/150 5.0 4 5.9 10 -5.2 

24 HRS. 2000/150 5.0 3.3 -390 16 -340 

NA - not applicable 
NR - no results, test not performed 
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ATTACHMENT A-5 

MEMORANDUM, R o  NINESTEEL TO T o  BITTNER 
POND/CLARIFIER SLUDGE GEOTECRNICAL DATA - 

MODIFIED METHOD 



dhHALLIBURTON NUS -7 Environmental Corporation 

TO: 

FROM: 

SUBJECT : 

INTERNAL CORRESPONDENCE 

C-4 9-05-92-2 4 

TED BITTNER DATE: MAY 13, 1992 

RIC'IfccSIINESTEEL - CC: DISTRIBUTION 

ROCKY FLATS SOLAR POND PROJECT 
POND/CLARIFIER SLUDGE GEOTECHNICAL 
DATA - MODIFIED METHOD 

Introduction 

The purpose of this memorandum is to present the pond and clarifier 
sludge geotechnical characterization data using the modified 
methods presented in the Brown & Root interoffice memorandum from 
J. H. Templeton to W. C. Henderson dated September 17, 1991 
(Attachment 1). These data were not reported in the Pond Sludge 
and Clarifier Waste Characterization Report (Combined Deliverable 
224A and 2243), which presented data using the analytical methods 
originally proposed for the characterization test. 

Samr>le Collection 

The Sampling and Analysis Plan for the pond wastes proposed a 
series of geotechnical analyses for the pond sludges. After the 
samples had been collected and laboratory analyses had been 
initiated, additional and/or modified geotechnical analyses were 
requested by Brown & Root. Insufficient sample was available in 
the laboratory to perform the requested analyses, therefore, 
additional sampling was necessary to provide the required sample 
size. The sampling took place September 24-27, 1991. The samples 
that were collected are summarized in Table 1, and the field notes 
for this sampling round are in Appendix C of Deliverable 224A/2243, 
the Pond Sludge and Clarifier Waste Characterization Report (see 
field note pages 47-57). 

Analytical Methods 

Considerable difficulty was encountered in the laboratory 
performing the method of analyses as prescribed in the Brown &i Root 
interoffice memorandum. The method calls for all analyses to start 
with the production of a filter cake and subsequent drying of the 
cake at 45-55OC. Because of the unique nature of the solids, the 
cakes were literally taking weeks to dry, and some did not dry at 
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MEMO TO: TED BITTNER 
MAY 13,  1992 - PAGE TWO 

TABLE 1 

POND SLUDGE SAMPLES COLLECTED FOR MODIFIED 
GEOTECHNICAfi ANALYBIS 

- Pond 

207A 

207B-North 

207B-Center 

207B-South 

207C 

SamDle No. 

PS-207A-SE 
PS-207A-X5\n' 
PS-207A-NE 
PS-2 07A-NW 

PS-207BN-NW 
PS-207BN-SW 
PS-207BN-SE 
PS-207BN-NE 

PS-207BC-NW 
PS-207BC-NE 
PS-207BC-SE 
PS-207BC-SW 

PS-207BS-NW 
PS-207BS-NE 
PS-207BS-SE 
PS-207BS-SW 

PS-207C-NW 
PS-207C-NE 
PS-207C-SE 
PS-207c-sw 

Date S a m l e d  

9-26-91 
9-26-91 
9-26-91 
9-26-91 

9-24-91 
9-24-91 
9-24-91 
9-24-91 

9-25-91 
9-25-91 
9-25-91 
9-25-91 

9-25-91 
9-25-91 
9-25-91 
9-25-91 

9-27-91 
9-27-91 
9-27-91 
9-27-91 

I 
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all. The end result was that the schedule of these analyses were 
severely delayed, and the productivity of the entire geotechnical 
lab was hindered, In response to this problem, a decision was made 
on January 9, 1992 to increase the oven temperature to llO°C to 
facilitate cake drying and eliminate the overwhelming backlog that 
had developed. However, the majority of pond sludge cake samples 
were dried at the lower temperature. One sample of Pond 207C 
sludge (PS-207C-NW) was dried at 5OoC and at l lO°C for the 
determination of moisture content. Both analyses were 29.5% 
solids, showing that the drying temperature had little effect on 
the solids determination. 

To aid in the interpretation of the modified methods, a flow chart 
has been developed to show the origin of the various filter cakes 
and filtrates generated during performance of the modified methods 
(See Figure 1). 

Analvtical Data 

The analytical data are presented in Tables 2 through 6. Grain 
size analysis curves are presented in Attachment 2. It should be 
noted that the decision to dry the solids before performing the 
grain size analysis resulted in interferences on certain samples. 
It is also apparent that drying the solids before grab size 
analysis has resulted in data that appears to overstate the weights . 
of the coarser fractions. Previous wet sieve data and visual 
observations do not support the data generated by this method, 

I * 
1 
I 

Distribution: 

D. Brenneman 
S. Mathew 
J. Zak 
M. Speranza 
T. Snare 
R. Simcik 
P. Frank 
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TABLE2 

GBOTECRNICAL DATA - NODIFIED METEOD 
POND 2OfA 

FILTERCAKE 
Specific Gravity 

Specific Gravity (Salt Rinsed) 
Viscosity (CP) 
Percent Water (Karl Fisher) 
Percent Solids (Filtercake) 
Grain Size ( %  passing sieve) 

Sieve 3/8 inch 
Sieve No. 4 
Sieve No. 10 
Sieve No. 20 
Sieve No. 50 
Sieve No. 100 
Sieve No. 200 

FILTRATE 
Specific Gravity (Hydrometer) 
Solids Dissolved (180°C), mg/L _. 
pH 

PYCNOMETER FILTRATE 
Specific Gravity (Hydrometer) 
Solids Dissolved (18OoC), mg/L 
PH 

Specific Gravity (Hydrometer) 
Solids Dissolved (180°C), mg/L 
DH 

SALT RINSE FILTRATE 

2.00 

830( 
2.17 

45.0 
23.5 

100 
98.1 
77.9 
44.2 
19.8 
8.1 
2.2 

1.014 
14,000 

8.3 

0.998 
2900 
7.5 

0.998 
1600 
1.6 

SOUTH 
WEST - 
2.15 
2.03 

1260(') 
35.0 
15.9 

100 
97.4 
74.5 
53.6 
33.4 
19.6 
8.2 

1.012 
13,000 

8.3 

0.998 
2000 
7.4 

0.998 
3400 
10.6 

s o m  
EAST 

1.63 
2.17 

66OC 
43.0 
22.0 

100 
98.4 
80.8 
48.1 
16.7 
8.2 
2.B 

1.012 
13,000 

8.3 

0.998 
3200 
7.9 

1.000 
2300 
7.4 

NORTE 
EAST 

2.17 
2.39 
240 

25.0 
44.0 

100 
98.4 
92.7 
67.3 
24.4 
8.9 
2.2 

1.014 
16,000 

8.2 

0.996 
1500 
8.1 

0.998 
860 
1.8 - 

Source: 

( ' I  Viscosity determination done on a 1:l ratio, 8olids:pond liquid 

Testing was performed at HALLIBURTON NUS Pittsburgh Laboratory as per 
Brown & Root's Guidelines for Data Testing. 



TABLE3 

GEoTEcBNIcAt DATA - MODIFIED METHOD 

PYCNOMETER FILTRATE 
Specific Gravity (Hydrometer) 
Solids Dissolved (18OoC), mg/L 
PH 

SALT RINSE FILTRATE 
Specific Gravity (Hydrometer) 
Solids Dissolved (18OoC), mg/L 
PH 

POND 2078 NORTH 

0.996 
540 
7.5 

0.996 
340 
7.7 

I .NORTH 
WEST 

FILTERCAXE 
Specific Gravity 
Specific Gravity (Salt Rinsed) 
Viscosity (CP) 
Percent Water (Karl Fisher) 
Percent Solids (Filtercake) 
Grain Size (pi passing sieve) 

Sieve 3/8 inch 
Sieve No. 4 
Sieve No. 10 
Sieve No. 20 
Sieve No. 50 
Sieve No. 100 
Sieve No. 200 

FILTRATE 
Specific Gravity (Hydrometer) 
Solids Dissolved (18OoC), mg/L 
PH 

I 2.50 
2.46 
860 

34.0 
25.3 

100 
98 .'5 
88.8 
57.7 
35.0 
18.2 
8.5 

1.003 
1900 
8.0 

SOUTH 
WEST 

2.48 
2.43 
620 

42.0 
27.5 

100 
97.4 
85.9 
59.2 
35.5 
26.9 
12.6 

1.003 
1300 
8.2 

0.996 
580 
7.5 

0.994 
580 
7.7 

SOUTH 
EAST 

2.53 
2.46 
690 

39.0 
25.3 

100 
98.5 
87.3 
57.7 
34.2 
16.8 
6.2 

1.003 
1600 
7 .9  

0.996 
650 
7.5 

0.994 
460 
7.6 

NORTB 
EAST 

2.44 
2.43 
1200 
38.0 
26.8 

100 
97.6 
86.1 
61.1 
37.0 
22.0 
7.4 

1.003 
1500 
7.8 

0.996 
680 
7.5 

0.996 
460 
7.6 

Source: Testing was performed at HALLIBURTON NUS Pittsburgh Laboratory as per 
Brown C Root's Guidelines for Engineering Data Testing. 



.TABLE4 

OEOTECENICAL DATA - NODIFIED -OD 
POND 207B CEWTER 

FILTERCAKE 
Specific Gravity 
Specific Gravity (Salt Rinsed) 
Viscosity (CP) 
Percent Water (Karl Fisher) 
Percent Solids (Filtercake) 
Grain Size ( %  passing sieve) 

Sieve 3/8 inch 
Sieve No. 4 
Sieve No. 10 
Sieve No. 20 
Sieve No. 50 
Sieve No. 100 
Sieve No. 200 

FILTRATE 
Smcific Gravity (Hydrometer) 
Solids Dissolve5 i lkO°C) ,  mg)L 
DH 

1.41 
1.83 

880( 
50'. 0 
4.5 

1.011 
20,000 

9.1 

PYCNOMETER FILTRATE 
Specific Gravity (Hydrometer) 1.002 
Solids Dissolved (18OoC), mg/L 9100. 

Specific Gravity (Hydrometer) 1.000 

pH 8.8 

SALT RINSE FILTRATE 

Solids Dissolved (18OoC), mg/L 7900 
PH 9.2 

SOUTH 
WEST 

1.47 
1.80 

160OC3) 
52.0 
4.9 

INT(~) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 

1.015 

9.1 
20,000 

1.002 
11,000 

8.7 

1.001 
9000 
8.9 

SOUTH 
EAST - 
1.61 
1.81 

1360(') 
72.0 
6.3 

INT(~) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 

1.015 
21,000 

9.2 

1.002 
8700 
9.0 

1.007 
13,000 

8.7 

NORTH 
EAST 

1.70 
1.93 

1280(') 
56.0 
6.7 

INT(2) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 
INT(2) 
INT(*) 

1.015 
21,000 

9.1 

1.002 
8200 
8.6 

1.002 
7600 
8.3 - 

Source: Testing was performed at HALLIBURTON NUS Pittsburgh Laboratory as per 
Brown Ei Root's Guidelines for Engineering Data Testing. 

(') Result at a 1:1.5 ratio, wet cake:pond liquid 

(2)  Interference- sample can't be broken up with a rubber tipped pestle. Sample 
dried into a hard, ceramic-like disk. To break the disk up with a harder 
pestle would crush the individual particles. 

(3) Result at a 1:2 ratio, wet cake:pond liquid 



TABLES 

QEOTECENICAL DATA - MODIFIED METHOD 

POND 207B SOUTH 

FILTERCAKE 
Specific Gravity 
Specific Gravity (Salt Rinsed) 
Viscosity (CP) 
Percent Water (Karl Fisher) 
Percent Solids (Filtercake) 
Grain Size ( %  passing sieve) 

Sieve 3/8 inch 
Sieve No. 4 
Sieve No. 10 
Sieve No. 20 
Sieve No. 50 
Sieve No. 100 
Sieve No. 200 

FILTRATE 
Specific Gravity (Hydrometer) 
Solids Dissolved (18OoC), mg/L 
pH 

Specific Gravity (Hydrometer) 
Solids Dissolved (18OoC), mg/L 

PYCNOMETER FILTRATE 

SALT RINSE FILTRATE 
Specific Gravity (Hvdrometerl 
Solids Dissolve; ( lgO°C), mg)L 
DH 

NORTE 
WEST 

1.78 
‘1.85 

1430(’) 
70.0 
6.3 

INT(~) 
INT(~) 
INT(2) 
INT(2) 
INT(2) 
INT‘~? 
INT(2) 

1.014 
16,000 
8.6 

1.002 
7900 
8.8 

1.002 
5800 
8.7 - 

2.17 I 1.93 I 1.90 

62.0 64.0 
14.5 I 596.ko I 10.1 

90.8 
48.0 
25.1 
15.2 

5.8 
3.6 

8.6 

100 100 

51.5 55.8 
33.2 35.8 
20.3 I 21.2 

1.014 1.012 1.012 
18,000 33,000 
9.1 1 8.6 1 
1.002 1.000 1.000 ”9902” I I 49406” 

1.004 1.004 1.02(4) 
13,000 19,000 
8.8 1 ’s”ps” 1 8.9 

Source: Testing was performed at HALLIBURTON NUS Pittsburgh Laboratory as per 
Brown & Root’s Guidelines for Engineering Data Testing. 

(’) Result at a 1:1.5 ratio, wet cake:pond liquid 

(*) Interference - sample can’t be broken up with a rubber tipped pestle. Sample 
dried into a hard, ceramic-like disk. To break the disk up with a harder 
pestle would crush the individual particles. 

(3) Result at a 1:l ratio, wet cake:pond liquid 

( 4 )  Not sufficient quantity to be tested by hydrometer, done by pycnometer 
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TABLE6 

OEOTECBWICAL DATA - NODIFIED WETBOD 

POND 207C 

F ILTERCAKE 
Specific Gravity 
Specific Gravity (Salt Rinsed) 
Viscosity (CP) 
Percent Water (Karl Fisher) 
Percent Solids (Filtercake) 
Grain Size ( %  passing sieve) 

Sieve 3/8 inch 
Sieve No. 4 
Sieve No. 10 
Sieve No. 20 
Sieve No. 50 
Sieve No. 100 
Sieve No. 200 

2.92(') 
2 .'41 
1660 
41.1 
29.5 

100 
94.9 
58.6 
32.9 
14.6 
7.9 
3.5 

FILTRATE 
Specific Gravity (Hydrometer) I 1.402 
Solids Dissolved ( 180°C) mg/L qs.6 % 640,000 
pH 10.6 

PYCNOMETER FILTRATE 
Specific Gravity (Hydrometer) I 1.062 
Solids Dissolved (lSO°C), mg/L 88 000 

SALT RINSE FILTRATE 
Specific Gravity (Hydrometer) 1.102 
Solids Dissolved (18OoC), mq/L 

sou!cB 
WEST - 
2.84 

600( ) 
40.1 
33.7 

100 
97.5 
71.6 
42.5 
19.9 
10.7 
4.2 

2.23 

1.404 
620 000 

10.7 

1.067 
82,000 

10.6 

1.102 
120,000 

10.5 - 

SOUTH 
BAST 

2.87 
2.33 

30.7 
40.8 

100 
98.4 
76.3 
48.8 
23.9 
13.4 
5.7 

INT( ) 

1.404 
630,000 

10.5 

1.077 

10.7 
100,000 

1.117 
150,000 

10.6 

NORTH 
EAST 

2.82 
1.93 
INT( ) 
24.9 
56.1 

100 
95.1 
67.2 
39.7 
17.2 
10.0 
4.1 

1.418 
630 000 

10.5 

1 082 
100,000 

10.7. 

1.122 
160 000 

10.6 - 
Source: Testing was performed at HALLIBURTON NUS Pittsburgh Laboratory as per 

Brown & Root's Guidelines for Data Testing. 

(') Dried at 110 degrees Celcius. 

(2)  Encountered some interference with crystal formation. 

(3) Interference - unable to conduct test due to sample matrix, i.e ... crystal 
format ion. 

A*. 

2.86 
-7.23 

>( 
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TESTING GUIDELINES FOR ENGINEERING DATA 
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Tho engineering data required from the characterization testing include 
percant 601idS by gravimetric methods, percant hydrated water by Karl 
Fischer methods, epecific gravity of the molids ar-is and after 
dirrolution of t h o  precipitated .alto, specific gravity, TDS, and pH of 
the pond solution entrained w i t h  the  pond aolidc, a particle oize 
analysia o f  t h e  dried pond solids, and tho mlurry viscosity at 30 weight 
percent 80lidS. In addition to these teat8 100 grams of  wot filtered 
pond solido shall be available for a V h c o a i t y  determination at 30 w t %  
solids w i t h  pond water. Each sample ahall be carefully prepared for  thm 
engineering test work, In order to not irreversibly changa its physical 
character. - 
I. 8AnPLE RZZEPARATION AND PERCENT S O t L D B  DETERMINATION 

The purpose of the Sample Preparation guidelineo i s  to prapare each 
sludge oample for the enginaoring test work while not changing i t s  
character. In tho Sample Preparation, the prrcent solids  by grtavimrtric 

l f r m  0 ov 6 &&%on m i o r  t o  Brvfnp 
to prevent the disoolved solids in the liquid from being included with 
the solids present in the sludge and t o  prrvant the di88olved salt6 froxi 
fusing the solids during drying. 

Each quadrant sample w i l l  be handled separately a6 Zollows. 

method8 ahall also bo dotemined. Z t  i r  eb 8olutclv 0 8 S . u  th8t the 
a 

Weigh the entire .ample by either weighing the sample bottle prior 
to emptying the aludge into a Buchner Funnel or by emptying t h e  
sludge into a tarod bowl. 

Remove the excaae water by filtration w i n g  a Buchnrr -el and 
Erlenmeyer Flaok. Pre-weighthe filter paper and record tho weight 
on the data Sheet. Do not wash t h o  sample in any way w i t h  water. 
If sludge particles remain in t h e  sample bottle and must be 
collected, use the filtrate from the Erlenmeyer Flask a8 rinse 
solution. 

Record the weight on the data oheet. 

Measure the mass and t h e  volume of the filtrate,, making sure t o  
include any filtrate used for rinsing, and record the infomation 
on the data .hoot. 

=I% 
Take eamples of t h o 3  iltrate f o r  smcif ic grsg$xl-xDS-r- 
analyses. Store the remaining solution in a b o t t l e  labeled w t 
the sample number, "sludge filtrate," and the date. A portion o f  
this f i l t r a t e  will be required f o r  the viscosity measurement. 

Remove tho  filter cake from the Buchnec Funnel and t ransfer  it to 
a stainless steel drying pan. If aludga particles romain on the 
Bide6 of  the Buchner Funnel, wet a second piece of  filter paper 
w i t h  filtrate (do not use water) and use it to clean the particles 
from the funnel, If a oecond piece o f  filter paper i s  usod, make 
6ure its starting weight is recorded on the data rrhert. 
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n 

F7 
Solar Pond/Pondcrete Stabilization Proj act 

Guidelink# For Enginoaring Data Testing 

BLR Job NO. JR-1198 

REFERENCE: 

Attached ie tho Guidelines Docuzaent outlining for tha NUS lab in 
Pittsburgh exactly what tests WB requiro and how we would l i k e  t o  
ceo them performed. 

Once you have reviewed the guidelines and agreo w i t h  them, could 
you please i n i t i a l  next t o  your name, above, and I will send this 
memo and the gufdellncs t o  Richard Winesteel at NUS. 

Attachments: .Guidelines For Engineering Data Testing 
*Data Sheets For Engineering Data Testing 
*ASTM method E203-75 
.ASm method 0854-83 
.ASTM method C136-84a 

c :  File  . 
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Letter No. : BAR-HEH-0063 
P i l o  No.: 765.9 

Halliburton MUS Environmental Corporation 
9700 Richmond Avenue 
Houston, Tcxar 77042 

ATTENTION : Ted Bittner 

SUafECT: Rocky Flats Solar Pond/Pondcr 
stabilization Project 
Brown & Root Job No. JR-1198 

Septembar 17,  1991 

t. - f NUSCORP. I 
REFERENCE : U m t a  charactetieation Tertr at PfttrbWgh 

t.boratorg-~orting Quidolineo lor tnqioeoriag Data 

Attached hereto are the testing guidelines for Uie required 
engineering data, data sheets for the testing, and tho ASTM nethods 
referenced in the guidelines. 

We are sending a complete package to you and t o  Mr. Richard 
Ninesteel (NUS-PA), and copies without the ASTM proceduror to  the 
other personnel on the distribution l ist.  

If you have any questions, please contact Jack Templeton a t  (713) 
267-9551. 

Very truly yours, 

BROWN L ROOT, T I C .  

Pro3 ect Manager 

Attachments: Guidelines For Engineering Data Testing 
Data Sheets For Engineering Data Tooting 
ASTM method E203-75 
ASTM method D854-83 
ASTM method (2136-84a 

JRZ/J t 

c: R. Nintstoel/A. Allen/oRB/WCH/JHT/File 3 
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~ a a r u r o  the vet vdght of  the filtar cake, including any filter 
paper used. Record the wet weight of the filter cako, and the dry 
weight of any filter paper used on the data 8heet. 

Take a split of tho wet filter cake by cutting a pio-6eCtiOn Using 
a laboratory scrapor. The sit0 of t h i m  pie-section IC dependent 
Golely on the amount of amtcrial requfrod for Karl Pischar 
analyds, plus an additional 100 gram8 for  tho viscosity test. 

Reweigh the wot filter cake, weigh the mplits f o r  Karl lircher and 
viscosity analysem, and record the weights on the data Sheet, 

The arl  F ech r Analyseo should be FUA as described i n  A6TM method 

from contained ions, If the filtered solids contain so rauch water 
that  the laethod becomes gu86tiOnabl0, thenperform the Xarl Fischer 
analysis on the dried filter cake, Whon the method i s  run on the 
wet cake, the romult will yiald the combined freo and hydrated 
water, when run on the dry cake (driod et 15-55.C) the reoult  w i l l  
only be the hydratod water., Both values aro useablc from an 
engineering standpoint as long as the percent solids by gravimetric 
method8 is determined as outlined in this document, and it ir 
indicated on the data sheet if the cake is l ~ O i 6 t  or dry, 

The filtered samplo and all filtmr paper used mhoulb be dried in an 
oven set at 45-55.C for  a ninimum of 24 hours. 

E203-75, 4 US ng the appropriate oolutionm to prevent interferences 

At t h e  end of 24 hours the sample should be cooled in a desiccator 
and weighed. Tho sample should be returned to tho oven and driod 
for an additional 12 hours. If the weight change is groater than 
19, continue to dry the oampla in 12 hour increments. When dry, 
record the dry weight of the samplo on the data shoot. 

Carefully ticrape any dried sludge particles from the dried filter 
paper. Weigh the filter paper and rocord the weight on the data 
sheet.  Break up any agglomerated piece0 of sludge formed during 
drying using a laboratory scraper o r  a pestle. 

Bland the dried sample by rolling on a heavy gauge plastic or 
rubber e h e e t  and take t h e  following mplitm by Cutting 
representative sections from the rolled sludge, (If you are 
unfamiliar with the rolling technicpas, please call Jack Templeton 
(713) 267-9551). These weights arc approximate, it i o  only 
important to record the actual weight used. 

509 for sBecifiii  gravity as i8 
5og f o r  sDecfffcgravlty after. c a l t  - distplu_t_&qn- _ -  
500g for Larticle. -_ .sirz-e~-anal,~ 

Place t h e  remaining sample in a container labelrd w i t h  the cample 
number, "Excess Sludge Dried at 45-55'C," and t h e  date. 
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X I .  8PECIPIC ORAVITY O? DRIED POLID8 

The purpose of the following teut work i s  t o  determine a) the as-io 
cpecific gravity of  the dried pond oludge, and b) the apacific gravity 
of tho pond sludgo with all the soluble f a l t r  removed. 

a) Detomination of  tho ar-is _ - _ - -  spocific ~ gravity 0f-e dri9d pond 
aludga 

b) 

111. 

Take one SOg s p l i t  o? the dried pond shadgo and dotorroine the 
mpocific gravity using ASTM method 0854-83. 

After Following ASTM method D854-83, empty the pycnometer i n t o  a 
Buchner hmnal and remove the solution by filtration, Determine 
the filtrate specific gravity, TDS and PH. Transfer the filter 
cake to a preweighed mtainleos steol dryi  ng pan, detenninc t h e  
total weight of  the wet solids, and dry at 45-55'C as in section I. 

Record a l l  weights on the data sheet. 

Determination of the 
D e  soluble salts rem 

avity o f  the pond sludqe w i t h  a u  

Transfer the other 50g split t o  a 500ml beakar and add 250ml of 
deionized wator. stir f o r  2 hours and filter in a Buchner Funnel. 
Do not Wash the filtered solids. 

Measuro the weight and volume of the filtrate and use the determine 
tho  filtrate =d- 6 ecific gravity, TDS m d  pH. Record thie information 
on tiiZ-Za a a eet. 

Place the washed filtor cake i n  a preweighed stainless steel drying 
pan, weigh and dry at 45-S5*C as in Section I. 

When dry, weigh the d r y ,  washed solids and determine the specific 
gravity wing ASTM method D854-83, 

Make sure all o f  the  requested data i s  recorded on the data sheet. 

PARTICLE BISE l W X L Y B f l  

The purpose of the following is to yield the weight of the dried pond 
solids at variouo size fractions. The entire ~ c r e e n  analysis ohould be 
performed dry to prevent the dissolution o f  any rolublo salts. The 
starting material for this test must be pond sludge which has been 
dewatered prior to drying, and dried at a moderate tamporaturo (45-55'C) 
to provont fusion of the solids by the dirsolvod aalts. Th.0 process 
group of Brown and Root recognizes that some diopolved malts will be 
present w i t h  the dried pond sludge, due to being unable to wash t h e  
solids. However this inaccuracy cannot be avoided and the error Can be 
identffied at loss than 5%. 
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I ASTM method C136=84a of  coarse and fine rggreqatar l r  a good 
apprqximation of the method ve should like followed. The 
applicable points being that  i t  is performed on dry rolide, and 
that the bottom mite is 8 #zoo rareen. 

Use the following U.8, Standard acreen sizem, to mako the recults 
directly comparable to the previoua Weeton data. 

3" 75.0 ma # l o  2*00  mm 
1.5" 37 .5  mm (20 0.85 
0 75" 19.0 mm #SO 0.30 rmO 

0.15 mm 0 . 375" 9.5 llllD #loo 
#4 4.75 mm #too  0.075 am 

s 
I 

The rrplit for the particle size analysis should have been retained 
in a desiccator to avoid reabsorption of moisture from the air. 

Measure and record on the data sheet the starting weight of tha 
sample to be sieved. 

The sieving can ba done using a mechanical shaker, if available, or 8 
t- 

1 
I 

by hand. 

Follow the procedure outlined in steps 7.2, 7 . 3 ,  an8 7 . 4  (ASTM 
C136-84a) a Under no conditions ahall any portion of step 7 . 5  be 
used. If hand sieving, o t a r t  at the coarsest screan d z e  and work 
down to the finest. 

When the material on the  ecreen passes the 1% critaria outlined in 
7 . 4 ,  visually i n s p c t  it t o  ensum thm oversize product contains no 
agglomerates formed during drying, If agglomerates are present 
break them apart between a thumb and f i n g e r ,  minimizing any 
grinding a c t i o n ,  and re~creen t h a t  s ize  f r a c t i o n  and the resulting 
undersize on those d z c  fractions finer. 

Measure and record  on t h e  data sheet t h e  weight of caach 6 i Z e  
fraction including the +75 plzll, and the -0.075 nun. 

1 IV.  VXBCOSITY DETERKIHATIOH 

I 
The viscosity of oach pond sludge should be determined a t  30 Weight 
percent solida. Whatever method the lab has available to perform the 
test should be reviewed by the B&R Process Group prior t o  
implementation, t o  ensure that it is applicable for the particle d z o  
and the processing conditions we a n t i c i p a t e  using. 

Take t h e  weight of t h e  - 1 O O q  of wet filter cake s p l i t  out for the 
viscosity analysis, and t h e  percent solids value i n  the wet cake 
deternined gravimetrically and c a l c u l a t e  the dry solid. and liquid 
present. 

8 
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Calculate total  weight of pond liquid rcquirod t o  produce a 30 
weight percent solids slurry, Subtract from t h h  weight the weight 
o f  the liquid present in the wet cake, and add the diZferance from 
the mtoreb filtrate, 

Record the weight and volume o f  the filtrate added on the data 

Run the viucorfty test. 

I 
8 

8he8f 

1 c 
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I 
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1. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

a .  

9 .  

10, 

11 

t100IMEtRINO U T I  TESTING 
DATA SHEET 

TOTAL SWDGE SAMPLE W S  (AB-1s) 
PAN TARE MASS gramo 
PAN + WET SLUDGE w== 

FILTER PAPER EUSS grams 

TOT= VET BLOWS -8 gXm6 - 
FILTRATE MASS grams 
FILTRATE- V O m  grants 

FILTRATE SPECIFZC GRAV. gr-5 
FILTRATE TDS PPm 
FILTRATE pX' 
EXCESS FILTRATE LABELED 

FILTER PAPER MASS grams 
(used t o  clean out Buchncr Funnel) 

FILTER CAKE TOTAL MASS 
PAN TARE MASS grams 
PAN + WET FILTER C A E  grams 
tILTER CAXB wA88 grams 

MASS OF EACH FILTER CAKE SPLIT 
KARL FISCHER (wet) grams 
VISCOSITY (wet) grams 

XARL FISCHER ANALYSIS 
PERFORMED ON (WET/DRY) FILTER CAKE 

DRYING OVEN TEMPERATURE 'C 

DRY SOLIDS (FILTER CAKE) MASS 
AFTER 24 HOURS grams 
AFTER 3 6  HOURS grams b change 
AFTER 4 8  HOURS grams - Z change 
AFTER 60 HOURS grams 0 change 

DRY SOLIDS MASS grams 

DRIED FILTER PAPER MASS gram (in Buchner Funnel) 
DRIED FILTER PAPER MASS grams (to clean Buchner) 
ANY AGGLDMERATED SOLIDS-? 

-1- 



I. 

12. 

13 

Sample Preparation (continued) 

MASS OF DRIED SOLIDS SPLIT SPECIFIC GRAVITY (AS-IS) grams 
SPECIFIC GRAVITY (DISS) grams 
PARTICtE 8 I Z t  ANALYSIS gram 

EXCESS DRIED SOLIDS USELED - 

-2- 
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t 
I 
I 
I 
I 
I 
I 

ZS 

a) 

1. 

2 .  

3 .  

b) 

1. 

2 .  

3 .  

4 .  

DITA F18TXblC 
6 E E T  

Determination of The ~8-1s Specific Gravity 

STARTING MASS OF SOLIDS grams 
SPECfFIC GRAVIm 

(per ASTM 0854-83) 

AS-IS SOLIDS S.G. FILTRATE 
MASS . grams 
VOIXTME ml 
SPECIFIC GRAVITY 
TDS Ppm 
PH 

PAN TARE MASS grams 
PAN + m T  CAKE grams 

WET CAltE MA86 gram 

PAN + DRY CAfCE grams 
DRY CAXE mss gr-r 

AS-IS SOLIDS S.G. FILTER CAXE 

PRYING OVEN TEMPERATURE *C 

Determination Of The Specific Gravity Of The Dried S o l i d s  
After Soluble Salt  Dissolution 

STARTING MASS OF SOLIDS - 
VOLUME OF DeI, WATER 

SALT DISSOLUTION FILTRATE 
MASS 
V0Lw.E  
SPECIFIC GRAVITY 
TDS 
PH 

SALT DISSOLUTION FILTER 
PAN TARE MASS 
PAN + WET CAKE 

WET CAXS llA88 
DRYING OVEN TEMPERATURE 

DRY C M B  MA88 
PAN + DRY CAKE 

CAKE 

SPECIFIC GRAVITY OF INSOLUBLE SOLIDS 
(per ASTH D854-83) 

grams 
ml 

grams 
ml 

PPm 

grams 
grams 
grams 
'C  
grams 
grms 

-3- 
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1. 

2 .  

3 0  

4 .  

DATA TEBTLNG 
SIIEET 

1.  

2 .  

3.  

4 .  

6IZE FRACTION 
+75 mm 

-75 +37.5 mm 
- 3 7 , s  +19.0 mm 

-9.5 +4.75 mm 
-4.75 +2.0 
-2.0 +0.85 
-0.85 +0.30 mm 
-0 ,30 +0.15 mm 

-19.0 M . 5  

-0.15 +0*075 
-0.075 

TOTAL 

VIBCOBITY DETERKINATZOS 

DRY WEIGHT 

MASS OF WET CAKE FOR VISCOSITY DETERMINATION 4 
PERCENT GOLIDS .(by w t . )  IN WET CAKE e 

9 
Q 

COhTAINED DRY SOLIDS IN WET CAlCE 
CONTAINED LIQUXD IN WET CAKE 

REQUIRED QUANTITY OF POND LIQUID REQUIRED 
FOR A 30 WTZ SOLIDS SLURRY 9 
OF ADDITIONAL POND L I Q U I D  9 

MASS OF POND LIQUID ADDED 

VISCOSITY OF 30% SOLIDS SLURRY 

9 

CP 

VISCOSITY TEST CONDZTIONS 
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ATTACEMEXT 2 

GRAIN SIZE ~WUJYSIS CURVES 



Laboratory No.- 

I 
I 

Shew -of 

Project Name Project No Tested by.orr/m05date p71-42 
BoringlTest Pit No. Sample No. Calculated by Od dated dv-4, 
Sample Depth Sample T y p e c h e c k e d  by SL d a t e r r b 5 2  
Sample Description c 07A - 4 r” 

Sample Preparation Method 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 



Project Name F(~ii-3 Project No Tested by,*date 2-1 7- 

BorinWTest Pit No. Sample No. Calculated by date J-Z4 
Sample Oepth SamOle T y p e c h e c k e d  by -xt date 

Sample Preparation Method 
Sample Description P5-307%- s a  

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 

J 
U 
2 
U 

Irl 
> 
W 

v) 
- 



Laboratory No, P/75365 

la 

Sheet .- Qf 

a t e m  
Calculated Testd by by* date J-Jq4 

Project Name .fff-ku F l n h  Project No 
Boring/Test Pit No. Sample No. 
Sample Depth Sample T y p a C h e c k e d  by zL date zr-97 

Sample Description - anw- NW 
Sample Preparation Method 

GRAIN SIZE ANALYSIS 
/ 

COHESIVE . MATERIAL 

2 

a 
a 

a 

I 

v) 
>- 
J 

Z 

w 
t 
W 

0 - 
K 
0 
t 
X 

t I i i i i i i i i i i i i i i i ii I 1 7- u 
6 

- 
0 

VI 

0 

4 
0 
2 

VI 

VI 

a 

2 

a 

2- 

e- 

-- 

a 
O Q  

1 1 , 1 1 1 1 1 1 1 1 1  , 
l l l l l l l l l l l l l l l l l l l '  ' 0  



Laboratory  NO,&'^ 76L 

PIoject Name . K\/ ?l,qT5 Project No Tested by e!C5 date /-7-42 
Calculated by d a t e & a q $  Boring/Test Pit No. Sample No. 

Sample Depth Sample T Y P e ! ! , C h e c k e d  by zL date c-52 
Sample Description 
Sample Preparatlon Method 

Sheet -of 

Ps -203G - EJE 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 



Laboratory ~ o - p 1 7 5 - ,  

Sheet of 

Project Name Tested by.hllr \a5date I -  743 
BoringlTest Pit No. Sample No. Calculated by n3 date a-dY.(i, 
Sample Depth Sample Type Checked by Jrc date u'Mcz 
Sample Description ps -%7&) dF 
Sample Preparation Method 

E O /  -1L4 Fl oT.5 Project No 

- 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 

PERCENT RETAINED BY WEiGHT 

Eo, 
W 
m r 

W > 
v) 
w 
n 
a 
a 
0 
2 

In 

u) 

3 

2 

- 
Y 

4s 
- 5  

2 
a w  
u a  
w o  
-I 
V 



I 

It 
I 
I 
I 
I 
I 
I 
b 
I 
I 
I 
I 
I 
I 

i 
I 

a w 
c 
w r 
0 
Q 
0 
t 
I 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 

PERCENT Rf3AINED BY WIGHT 



Project Name RoclLv am Project No Tested by Od!m65 date 1-7-43 
Boring/Test Pit No. Sample No. Calculated by nd datedQf/e 

Sample Depth Sample Typ-Checked by Jrc dateshCL 
Sample Description 
Sample Preparation Method 

03- 907 (3d- 5J 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAl 

a 
W 
I- 
W 
z 
0 
a 
0 
> 
I 

w 
1 
w 

In 

w 3  
> 
W 

In- 
- 



Laboratory NO. p/757?3 
Sheet of 

Project Name f&)C k v  Fh7-S Project No Tested by.Q<lmO3 date ~7.93 
BoringlTest Pit No. Sample No. Calculated by A/J date a-dfqa 
Sample Depth Sample Type-Checked by jtL date z ~ r L  

Sample Description 
Sample Preparation Method 

Ps- a O M 0  -5E 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 

PERCENT RETAINED ey WEIGHT 

0 0 % s s 8 ' 2  e s 2 8s 
' 0  
0 

6 
0 
0 

5 
Q 

I 
I 

z 
K 
W 
I- ;: - 
0 

W 
-I 

l- 
2 
a 
a 

O Q  

0 

3 
2 



Laboratory NO, 175 760 

Ptoject Name 8 l U J W b , l  1VU.- 

BoringiTest Pit No. Sample 

Sheet -of 
bninn. T e s t e d  by 

Calculated by &,d d a t e d - s T  

Sample Depth Sample T y p e ~ ~ c n e c k e d  by -- date w . t a  
Sample Description 6%- O s  - e 5 C t j  
Sample Preparation Method 

GRAIN SIZE ANALYSIS 
COHESIVE 'MATERIAL 

PERCENT RETAINED BY WEIGHT 

-. . . -, 

r E 



Ir 
Ir 
Ir 
IB 

Laboratory Na~ @7q7h I 

sheet -of 

Project Name Rr K-\l CclAf i  Projqct No Tested by.r3Jlno6dateaS q 2  
Boring/Test Pit NO. Sample No. Calculated by Ad dated-#+. 
Sample Depth Sample T y p e c h e c k e d  by JU- date w - 5  

Sample Description 
Sample Preparation Method 

6%- dQ’lh5 - & dE 

s s  w 

m 
I 

2% 

W 
> 
w 
v) 

U 
w 

VI 
w 
0 
a 
a 

a 

0 
2 

I- VI 

GRAIN SIZE ANALYSIS 
COHESIVE MATE RIAL 

PERCENT RETAINED 8Y WEIGHT 
0 -  

0 0 ‘ 2  9 0, s 2 2 P e8 

0 5 4 0 ,  P 0- 0, R - - 8  s: P 

LH313M A 8  Y3NI3 L N 3 3 e 3 d  

5 
I 

z 
a 
w 
c 
w 
E 
5 n 
W 
J 

+ 
U 

2 
a 
a 



063 

Y z* 
" I  

a n  

- 0  

2 
Z W  

u o  
i 
u 

GRAIN SIZE ANALYSIS 
COHESIVE MATE RIAL 

z 
I 

I 
a 
w 
c 
w 
E 
5 
0 

w 
J 

I- tz 
U 

u, 

a 

I 

i 
! 
4 

I 

I 
! 

- 



Laboratory N o . k . & i  
Sheet .-,of 

Project Name . Project No ateik&i 
Boring/Test Pit No. Sample No. 

Sample Description 
Sample preparation Method 

Calculated by 
Sample Depth Sample Type Checked by JZL dateZ6-5 

PS- ao7c* - ud 

a 3 4  a 

v) 

v) 
> 
J 

z 

- 
a 
a 

a 
W 
I- 
W r 
0 
a 
n 
> 
I 

z 
a 

a 

fn 
> 
J 

z 

.w 
> 
W 

In 
- 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 

PERCENT RELAINED BY WEIGHT 



@/z 36: Laboratory No. 

Sheet of 

c . L  Fl 
Ptoject Name q-i-5 Project No Tested by +? z i t e m  
Boring/Test Pit No. Sample No. Calculated by dated-2s-$ 
Sample Depth Sample Type-.Checked by date 
Sample Description Ps- d07c- U &  
Sample Preparation Method 

. 

GRAIN SIZE ANALYSIS 
COHESiVE MATERIAL 

0 
6 

cs 
0 
0 

cs 
6 

z 
I 

z 
a 
W 
I- .; - 
Q 

W 
J 

I- 

Q 

2 
a 

O Q  

0 

0 
0 

1- 



Laboratory NO pns 769 

Sheet ,-,of 

Project Name ?/'?T5 Project No Tested by a/Mo5 d ate.*, 
BorinWTest Plt No. Sample No, Calculated by 'Od dated-aS+a 
Sample Oepth Sample Type-Checked by Jt date 26 Ed3 9 .  

Sample Preparation Method 
Sample Description Ps- a o x -  SF 

a 
z 
U 

a 
E 
w 
I 
0 
a 
0 
t 
I 

r n  

-1 
a 
i 
U 

W 
> 

L' 

W 

VJ 
- 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 

PERCENT RETAINED 8Y ' WEIGHT 
0 -  

O n ' Z  8 0, 8 s B $ P n 8  

I - e  1 

I I I I I  I I I I I I  I I I I  
n 
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Sheet -of 

Project Name Project No Tested by Od[nOa date &/6 

BotingiTest Plt No. Sample No. Calculated by 013 d a t e 3 a  
date.&& Sample 000th Sample T y p e c h e c k e d  by 3tc 

Sample Description Ps- aox -  
Sample Preparation Method 

C 

- 
ul 

W 

z 
7 
z 

W > 

a 
m 

GRAIN SIZE ANALYSIS 
COHESIVE MATERIAL 

0' 
8 

I I I I I I I I  I 
I l l l l ; 1 1  I 

I I I I l ! L I I C ! l  I 

I I I I I  I l l l l l l l l l l  
0 -2 

L H 3 1 3 M  A6 Y3NIJ IN33ti3d 



ATTACHMENT B 

SPECIFICATION SHEETS 

FOR 

POZZOLAN MATERIALS 



LAB OF? Fs T OR'f TEST RE F'T? R T 

SAPlPLE: TYPE V 

CHEHICAL AHALYSlS 
Silicon dioxide ............ 
~]urinur oxide.... ......... 
Ferric oxide.. . .i. ......... 
Calcium oxide.. ............ 
Sulfur t r isxide ............ 
Loss on ignition ........... 
lnsoluble residue.. ........ 
Total Alk. as NaZO......... 

tla20. ........ 
E20. ........ 

Hagnesiur oxide ............ 

Tricalciurn s i l i c a t e  ........ 
Dicalcium s i l i c a t e . . .  ...... 
Tricalcium aluminate., ..... 
Tetracalciumaluninoferrite. 

2 2 . 6  
3.9 
3.9 

b4 .P  
0.7 
2 . 0 
1.5 

0 . 2 2  
0.54 
0.14 
0.61 

ti5 
73 

12' 
4 -  

/LIOUNT'IN P.O. Box 339 
Loromie, Wyoming 82070 

CEMENT COMPANY (307) 745-4879 

FH'iSlCAL TESTS 
Fineness( 325 resh). ........ 95.9 

Gutoc lase. .  ................ -0.050 

Int ia]  set  .............. 135 
Final s e t . .  ............. .4!1 

Specific surface ........... 3730 

SET TlflES GlLHORE tiEEDLES 

7 .  - 
Rir con tent. .  a .............. 

CONPRESS I O N  STRENGTHS 

1 Da;; ..................... 1900 

7 Day.. ................... 4460 
:9 Day ..................... S'110 J A f W  

- c  3 h a y  ..................... .$.14!1 

lirruntain Cement Company's cements comply with the requireeents of current specifications 
of ASTN C-150 and AASHTD MIS. 
fror Hhich this  cement Has shipped. 

T!ie above da t a  represents the average o f  the s i l o  or b i n  



WAL, lnc. \, -- u- 
6385 W 53rld Avt! , a5 (303) 420-7700 Arvada. CO 80002 

June 6 ,  1991 

Mr. Matt. Lshre 
Western Ash Company 

Eng lewood , CO 801 55 
' 4380 S .  Syracuse S t .  Suite 305 

WAI, t 91177-1 
Sample 1D: COMMANCHE X 2  

CHEMICAL ANALYSIS 
WTX, DRY BASIS 

-1. 

Silicon Dioxide, Si02 
Aluminum O x i d e ,  A1203 
lron Oxide, Fez03 

Calcium Oxide, CaO 
Magnesium Oxide, MgO 
Sodium O x i d e ,  Na20 
Potassium O x i d e ,  K20 
Titanium Dioxide,  T i 0 2  
Manganese D i o x i d e ,  Mn02 
Phosphorus Pentoxide ,  P205 
Strontium O x i d e ,  SrO 
Barium Oxide, 8aO 
S u l f u r  T r i o x i d e ,  SO3 
l loos on Ignition 

Total (Si02 + A1203 + Fe203) 

Moisture, as Received 

34 .86  
1 7 . 9 6  

5 . 7 5  

2 7 . 9 3  
4 . 6 0  
1 . 5 5  
0 . 2 2  
1 .58  
0.16  
1.22 
0 . 5 1  
0 . 6 0  
2 . 5 9  
0 . 5 0  

5 8 . 5 7  

0 . 1 3  

, .  

. .  . _- 



C l y  plrrrmghcddm~dmted Lime b 
E Technical Data 

EklBtda FOnmrlr Rrrmr 
Silken Dioxide.. ........ ;. ....................... SO2. ,  .................... 
Im Oxide ....................................... Fe,O,. ...................... 
Ahnhnn olridc ................................. A120,. .................... 
chkium oxidc ................................... cao ...................... 73.0 

0.92 

0.29 

0.46 

B 

m i u r n  Oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MgO ..................... 
S m r  . .  ;. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S .  ........................ 
pbaphorus psntoridt . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  p20;. ................... ; . 

0.65 

0.015 

0.011 

Mn 0.008 
0.019 
0.40 

...................................... ....................... 
Tiaaium Dioxidc .................................. l i 0 2 .  ..................... 

1 
I Cmhn Dioxide .................................. CO, ...................... 

.- 

Udaydnted o%jda .................................... .............. L8m tt.a 1 .o 
II on ignition. ................................. LO1 ...................... 21.67 

Adable Cdchrm Hydroxide.. . . . . . . . . . . . . . . . . . . . . .  Ca(OH)2 .................. m.0 
T d  Neutnliziag Vduc in Turns of C C O ,  ..................................... 131.9 

B.L Density.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 . 3S Ibs./cu. ft. d d  

d -- 
I- 

20 - 25 I ~ . / C U .  ft. bar 

Sarcn Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lm mesh.. ................ 99.8 p~srbg 

200 mesh,. ................ 99.0 pmiflg 

Tbir product m c c ~  or exceeds the specifTcrtionn of the American Society for T c d q  lad Mak?hl~. 
I 
8 

Ccntn Lbne & Stone Co., Inc. 
Off Route 44 & Airpon Road 
P.O. B o x  5130 
Plasm Orp, Pnuwytvania 16823-5 130 

plrrae: 81449-2773 
Fa: 814359-2383 

Lime. .. the versatile chemical 



REPORT OF FLY ASH ANALYSIS 

RESOURCE MATERIALS TESTING, INC. 
“Specialists in Fly Ash Testing” 

J 

REPORT TO: Western Ash Company 
4380 S. Syracuse Street 
Suite 305 
Denver, CO 80237 

PROJECT NO.: RMT-021 
SAMPLE NO.: 2381 
DATE REC. : 4-5-90 
DATE REP. : 5-8-90 

Attn: M r .  Harry Roof 

PROJECT NAME: Pawnee Plant Fly Ash Q.A. Program 

SAMPLE ID: Class C Fly Ash QAP #137 March ’91 

~ ~ ~~ 

CHEMICAL ANALYSES 

PARAMETER 

Silicon Dioxide,SiO2,% 
Aluminum Oxide,A1203,% 
Iron Oxide,Fe203,% 
Sum of SiOZ,A1203,Fe203,% 
Calcium Oxide,CaO,% 
Magnesium Oxide,MgO,% 
Sodium Oxide,Na20,% 
Potassium Oxide,K20,% 
Sulfur Trioxide,S03,% 
Moisture Content,% 
Loss on Ignition,% 
Available Alkalies as Na20,%+ 

PHYSICAL ANALYSES 

Amount Retained on No. 325 Sieve,% 
Pozzolanic Activity Index 
Portland Cement at 7 days, % of Control 
Portland Cement at 28 days,% of Control 
Lime at 7 days, psi 
Water Requirement, % of Control 
Autoclave Expansion, % 
Specific Gravity 
Increase of Drying Shrinkage,%* 
Reactivity with Cement Alkalies,%* 
Reduction of Mortar Expansion,% 
Mortar Expansion,% 

RESULTS 

34.1 
20.5 
7.2 
61.8 
26.1 
6.1 --- --- 
2.7 
0.02 
0.27 
1.20 

14.1 

105 
109 

91 
+O. 05 

2.74 

--- 

--- 

ASTM C618 
SPEC. F/C 

34 max 

75 min 
75 min 
800/NA min 
105 max 
0.8 max 

0.03 max 
--- 

--- 
0.020 max 

*Optional requirements applicable only when requested by the 
purchaser. 

Robert L. Smith, Ph.D. 



MATERIAL SAFETY DATA 8HEET 

I 

CNTRE LIME & STONB: CO., INC. PRSPARATIOB DATE: 02/05/91 
P.O. BOX 130 
RTE. 6 4  L AIRPORT ROAD INFORIUTIOII PHOIIE HUMDER 
PLEASANT GN, PA 16823 (824) 359-2773 

SECTIOW I1 - HAZARDOUS IrrGmInn 

I '  J 

B 
32CIIOR IV - PIU & EXPLOSIOM UtUD U T A  

PLASH POXIIT: WA * EXTINGUISHING MEDIA: Suitable for rdJ8Cent 8 a t e r i a h  
PLMABLt LIMITS: N/A UNUSUAL PlRB AND EXPLOSIOU WNtDY: Wont 

- I Calclua Hydroxide 130 5-6 2- 0 

CAS NO. OSHA P a  ACGIH TLV 

SWh' 
I i c o * o y ~ t  

EOILIHU POIWT: 3162.p 
MELTIUQ POW?: 540'P 

9OBcIPIC G ~ V X 7 ! 4  cH&=r, : 2 . 3 4  
BVUORATION RATS (Batyl &atrta*l): #/A 
SOLUBS&ITX 11 PIIII: Yagliqtblr 
APPEARAXCE AH0 QOOQ; mite poudez, odorless 

3, I 

9 '  I 

SPCTION V - UACTIVITY DATA 

ITA81LITY: Unstable IfATI!EIALS r0 AVOID: Acidic Compounds 

COBDl?fOMS TO AVOID: 

H12ARWUS DXC0)8011TIOY: #one HA- W t ~ I l l T I O N :  N/A 

Uncontrolled contact vith Acidic colrpoudr 

8 



ROUTt9 O? m y :  Inhalation, a k i n  Contact,  Ingestion 

nwm WLZUD~I AND .mom): 
Inhalation - Hodrrrtr apper respiratory irritant 
Bye & skin - Camtic chemic81 burns 

CIBCIHOGI#ICITY: NTP - MO OSHA Regulated - 80 
IUC Hoaogrrpht - Less than O.lt crymtalliat rlllca 

s1ms & S118TOMs O I  uposm: 
Hoderata uortfc irritant t o  exposed body surfaces inclodinq cyrr 4 rrrpltatory 
tract. Skin reddinq C eye irritation. 

NEDXCIL COUDITIOllS CIllBPIuY AGGRAVATED BY EXPOSURE: 
Dust lnhrlrtion n y  aggravate existing raspizatory-ryster dirraretr) and/or 
dmfunctlons. trporurc to dust MY aggravate existing skin  rndtor rye conditions. 

Em- WD PIP31 AID PROCPOURi&S: 
IYRAUIIOM - Re8ovr perron to fresh air .  
EYIS L SKIU - Immediately f lush thoroughly vith vrtor for at h!r8t 1s minutes. 

IPOSSTIOM - CIlve parson large quantities of n t c t  followed by fruit  juice. 
Remove conhminated clothing. Gat a e d b l  attention. 

Gat r e d i a l  attention. 

I - I SPILL RESPONSB: Use normal clean-up procedures: W e $ ,  rbovtl, VICUUI 

VAST# DISWSAL: To b$ glrfor8rd i n  compliance vith a l l  Catrent local, I t a t e ,  
L Federal rcgalat ions. 

SIcIICm VI11 - INWSIRLU P R O m I O l l  I m T I a  

VENTILATION: Use general or local exhaust ventilation to redoo dust concentration 
below applicable exposure limits. 

RBSPIRATOPY PROT'KTXOW: 

E W S I I N :  Well f ittinq safety qoqqler, protect ive  glonr  t o  ptrvrnt skin contact. 

HANDLIUC PRECAUTIONS: 

OTHER PR1CAIPTIONS: 

llIOSH - MSHA approved dust rcrptratot if dwt 18 generated. 

Keep product dry. Avoid excesriva dust qenerotlon. 

I f  there is any p o s s i b i l i t y  of eyc.02 sk in  C O n U f t ,  1 8 U P p l Y  Of 
clean voter should be available t o  flurh rffictrd aZ11. 
long sleeve shirt and long pants to prevent skin Contact. Wash 
expored skin  r i t h  soap and water. 

wear 

Clarn wart clotb~8 ttequrntly. 
I 

2 



b 
Material 

POZZOLAN ANALYSES 

Gross Alpha Gross Beta Available Calcium 
Screen screen Oxide 

Type "C" Flyash-Pawnee 

Type "C" Flyash-Comanche #2 

Type "V" Mountain Cement 

3159 pCi/g 19k7 pCi/g 4.6% 

42f10 pCi/g 29+8 pCi/g 4.0% 

6.5 3 Wi/a 8.32 pCi/q 25.1% 



ATTACHMENT C 

VALIDATION LETTERS 



.rud.ALLIBURTON NUS b m*m Environmental Corporation 

I 
I 
I 
l 
1 
8 
I 

INTERNAL CORRESPONDENCE 

C-49-5-2-31 

TO : RICH NINESTEEL DATE: Mlyy 5 ,  1992 

FROM : DWAYNE S.  MOCK cc : D. A.  SCHEIB 

SUBJECT: INORGANIC DATA VALIDATION 
ROCKY FLATS 
CASE NO. TCLP1, SDG PKGl 

Selected TCLP - Extracted TAL Metals: 

15/waters/l-4 1-9LSD 7-9LSD 
1-9 2-9LSD 8-9LSD 
2-9 3-1OLSD 9-9LSD 
3-10 4-9LSD 
4-8 5 - 9LSD 
5-9 6-9LSD 

I 

A validation was performed on the inorganic analytical data from 
Case No. TCLP1, SDG PKG1, water samples collected by HALLIBURTON 
NUS Environmental Corporation at the Rocky Flats site. The data 
were reviewed with reference to the EPA "Functional Guidelines for 
Evaluating Inorganic Analyses" as applied for use within Region 
VIII, and were evaluated based on the following parameters: 

* 0 
* 0 

* 0 

0 
* 0 

0 
* 0 

0 
* 0 

* 0 

Data Completeness 
Holding Times 
Calibration Verification 
Laboratory Blank Analyses 
ICP Interference Check Sample Results 
Matrix Spike Recoveries 
Laboratory Control Sample Results 
I C P  Serial Dilution Results 
Detection Limits 
Sample Quantitation 

* -  A l l  quality control criteria were met for this parameter. 

No laboratory duplicate analyses were included in this analytical 
data set, therefore the data was not evaluated f o r  this parameter. 
Also, no field duplicate pair was included with this data set. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followina information: 

Blanks 

No field quality control blanks were included with this analytical 
data set. 





C-49-5-2-31 
Mr. Rich Ninesteel 
May 5, 1992 
Page Two 

Laboratory method blank analyses yielded the following contaminants 
in the maximum concentrations indicated: 

Maximum Action 
Analvte Concentration (ug/l) Level (ug/l) 

aluminum 
cadmium 

3 2 . 0  
5.0  

160 
2 5  

Sample Affected: All 

Blank Actions: 

Value > IDL and Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified. 

No actions were taken for aluminum, since all results are greater 
than the action level, or cadmium because all results are 
nondetects. 

Matrix Spike Recoveries 

The Matrix Spike (MS) %R for silver was below the 75% quality 
control limit (yet > 3 0 % ) .  All sample results are nondetects and 
these are qualified as estimated (UJ). Also, the MS %R for mercury 
were above the 125% upper quality control limit. No positive 
results were reported for mercury in any sample, therefore no 
qualifications were made to the data. 

ICP Serial Dilution Results 

The ICP Serial Dilution Percent Difference (&D) for barium in 
sample 2-9LSD exceeded the 10% quality control limit. The positive 
result for barium in this sample is qualified as estimated, (J). 

Overall Assessment of the Data 

The data are acceptable for use as qualified except for any 
rejected data. Several analytes were detected as contaminants in 
the laboratory method blanks, but no actions were necessary because 
all results were either nondetects or greater than the action 
level. All silver nondetects were estimated due to low matrix 
spike recovery. One analyte result was estimated due to 
noncompliant serial dilution anlaysis results. No other problems 
were encountered. 



I 
1 
I 

C-49-5-2-31 
Mr. Rich Ninesteel 
May 5, 1992 
Page Three 

ROCKY FLATS 
CASE NO. TCLP1, SDG PKGl 

TABLE 1 - RECOMMENDATION SUMMARY 

Aluminum 
Arsenic 
Barium J1 
Cadmium 
S e 1 enium 
Silver J2 

Iron 
Lead 
Mercury 
Nickel 
Chromium 
Magnesium 

If the field is left blank, the qualifier is A - Accept all data. 

J' - Estimate (J) positive result in sample 2-9LSD because 
ICP Serial Dilution %Ds exceeded 10%. 

J2 - Estimate (UJ) nondetects in all samples because of low MS 
recovery. 



INTERNAL CORRESPONDENCE 

TO: 

C-19-5-2-023 

RICE NINESTEEL 

FROM: RICKY DEPAUL 

DATE: MAY 5, 1992 

COPIEB: D, A. BCHEIB 

BWJECT: ORGANIC DATA VALIDATION - TCLP VOAS 
ROCKY FLATS 
CASE NO. TCLPl, 8DG PKGl 

BAMPLES: 

Volatiles: 

2/leachates/207C39, 207C39LSD 

A validation was performed on the organic analytical data from the 
zero headspace extraction volatile fraction analyses of Case No. 
TCLP1, SDG PKG 1, leachate sample and its additive duplicate 
prepared by HALLIBURTON NUS Environmental Corporation on 03/12/92 
at the Pittsburgh laboratory. No field quality control blanks Or 
field duplicate pairs were included with this analytical data set. 
The data were reviewed with reference to the EPA ttF’unctional 
Guidelines for Evaluating Organic Analysest’ as applied for use 
within Region VIII, and were evaluated based on the following 
parameters: 

* 0 Holding Times 
* 0 Laboratory Method Blank Summary 
* 0 Surrogate Spike Recoveries 
* 0 Compound Identification 
* 0 Compound Quantitation 

* - All quality control criteria were met for this parameter. 
No problems were encountered in this case. 

OVERALL ABBESBMEWT 

All data are accepted without qualification. 

Attachments: 

1. Appendix A - Analytical Results 



uuHALLIBURTON NUS \e* Enviroriinentd Corporation b Ab 
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TO : 

FROM : 

SUBJECT: 

SAMPLES : 

INTERNAL CORRESPONDENCE 

C-49-5-2-050 

RICH NINESTEEL DATE: MAY 7, 1992 

RICKY DEPAUL COPIES: D. A. SCHEIB 

MISCELLANEOUS DATA VALIDATION - LEACHATES 
ROCKY FLATS 
CASE NO. TCLP1, SDG PKGl 

Total & Amenable Cyanide; PH 

15/TCLP Leachates (solids)/207C- 

1 . 4  1.9 2.9 3 . 1 0  4 . 8  
5.9 1.9 LSD 2.9 LSD 3.10 LSD 4.9 LSD 
5.9 LSD 6.9 LSD 7 . 9  LSD 8.9 LSD 9.9 LSD 

Zero Headspace Extractions (Volatiles) 

2/solids/ 

3.9 3.9 LSD 

I 
1 
II 
I 
I 
I 

1 
I 

A validation was performed on the miscellaneous analytical data 
from the analyses of Case No. TCLP1, SDG PKG 1, samples prepared by 
HALLIBURTON NUS Environmental Corporation on 3/11/92 and 3 / 1 2 / 9 2  at 
the Pittsburgh laboratory. No field quality control blanks or 
field duplicate pairs were included with this analytical data set. 
The data were reviewed with reference to the EPA "Functional 
Guidelines for Evaluating Organic Analyses" as applied for use 
within Region VIII. Only Form I laboratory sample results and 
associated raw data were provided with this analytical data set. 

Only nondetected sample results were reported for the Zero 
Headspace Extractions of the volatile organic compounds and total 
cyanide results in all samples did not exceed 0.02 mg/L. 

No problems were encountered in this case. 

OVERALL ASSESSMENT 

All data are accepted without qualification. 

Attachments: 

1. Appendix A - Analytical Results. 



&C$HACLIBURTON NUS 
Environmental ~oqwation INTERNAL CORRESPONDENCE 

C-4 9-5-2-52 

TO: RICE NINESTEEL DATE: MAY 7 ,  1992 

FROM: DAVID A. YOST COPIES: De A. SCHEIB 

SUBJECT: INORGANIC DATA VALIDATION - TCLP LEACHATES 
ROCKY FLATS 
CASE NO. TCLP2, SDG PKG2 1 

TAL Metals: 

15/TCLP Leachates (solids)/ 

1-LX-7 1A-10 2B-4 
3A-2 3LX-10 4Lx 
BATlB#5 BAT2A#7 BAT4Akr8 
BATCH1 BATCH2 BATCH3 

2LX-10 
5A-2 
BAT5#10 

A validation was performed on the inorganic analytical data from 
Case No. TCLP2, SDG PKG2, soil samples collected by EG&G, Idaho, 
Inc. at the Rocky Flats site. The data were reviewed with 
reference to the EPA "Functional Guidelines for Evaluating 
Inorganic Analyses" as applied for use within USEPA Region VIII, 
and were evaluated based on the following parameters: 

* 
* 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

Data Completeness 
Holding Times 
Calibrations 
Blanks 
Interference Check Sample Results 
Field Duplicate Precision 
Laboratory Control Standard and Duplicate Results 
ICP Serial Dilution Results 
Detection Limits 
Sample Quantitation 

* - All quality control criteria were met for this parameter. 
No matrix spike or laboratory duplicate analyses were performed for 
this analytical data set. No field duplicate pairs or field 
quality control blanks were included with this sample set. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followina information: 



C-4 9-5-2052 
Mr. Rich Ninesteel 
May 7 ,  1992 
Page Two 

Blanks 

Laboratory method blank analyses yieldedthe following contaminants 
in the maximum concentrations indicated: 

Maximum Action 
Contaminant Concentration (ug/L) Level (ug/L) 

calcium 78 .0  390.0 
chromium 9.0 45.0  

Samples Affected: All 

Blank Actions 
Value > IDL and < Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified. 

Individual sample size, moisture content and dilution factors were 
considered prior to the application of all action levels. No 
actions were taken for calcium and chromium because all positive 
sample results for these analytes were greater than the action 
level. 

ICP Serial Dilution Results 

One ICP Serial Dilution Percent Difference (%D) was greater than 
10% when the undiluted sample concentration exceeded 50 x IDL for 
calcium. The positive sample result reported for this analyte in 
the affected sample is qualified as estimated, sfJ1l. 

No other problems were encountered. 

Overall Assessment 

The data are accepted f o r  use as qualified. One positive sample 
result for calcium is estimated due to serial dilution percent 
difference >lo%. 

. 
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ROCKY FLATS 
CASE NO. TCLP2, 8DG PKG2 

TABLE 1 - RECOMMENDATION SDMMARY 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

J1 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Boron 

If the field is left blank, the qualifier is A, accept all data. 

J1 - Estimate llJ1l associated positive sample result 
in affected sample due to serial dilution %D > 
10%. 
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TO: 

FROM: 

SUBJECT: 

SAMPLES : 

RICH NINESTEEL 

INTERNAL CORRESPONDENCE 

C - 4 9 - 5 - 2 - 0 9 1  

DATE: KAY 111 1992 

RICKY DEPAUL acb COPIES: Do A. SCHEIB 

MISCELLANEOUS DATA VALIDATION - LEACmTES 
ROCKY FLATS 
CASE NO. TCLP2, SDG PRO2 

Miscellaneous Parameters 

Total & Amenable Cyanide, Gross Alpha & Beta Radiological 
Analyses, Final pH 

CLARIFIER 1 ' CLARIFIER 2 CLARIFIER 3 
BAT 1B #5 BAT 2A #7 BAT 4A #8 ~ - - _  ,, - 

BATCH 1A-10 BATCH 2B-4 BATCH 3A-2 
BAT 5 #IO 

5/solids/207C- (W/LATEX) 

BATCH 5A-2 BATCH 3LX-10 BATCH 2LX-10 
BATCH 1-LX-7 BATCH 4LX 

A validation was performed on the miscellaneous analytical data 
from the analyses of Case No. TCLP2 samples prepared at 
the Pittsburgh Laboratory on 4/8/92 and 4/9/92. No field quality 
control blanks or field duplicate pairs were included with this 
analytical data set. The data were reviewed with reference to 
method -specific quality control criteria and the EPA ttNational 
Functional Guidelinesit as applied for use within Region VIII. Only 
Form I laboratory sample results and associated raw data were 
provided with this analytical data set. 

SDG PKG 2 

The maximum 
samples does 
results were 
gross alpha 
reported for 

amount of total cyanide present in the associated 
not exceed 0.033 mg/l. Only nondetected sample 
reported for the analyses of amenable cyanide and 
radiological screen. Only positive results were 
the gross beta radiological analyses. 

No problems were encountered in this case. 

OVERALL ASSESSMENT 

All data are accepted without qualification. 
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FROM : 

SUBJECT : 

1 
I 
1 
I 
1 
I 

1 
I 

INTERNAL CORRESPONDENCE 

C-49-5-2-56 

RICE' NINESTEEL DATE: HAY 81 1992 

DAVID A. YOSTOP? COPIES: Do A. SCBEIB 

INORGANIC DATA VALIDATION = TCLP LEACIIATES 

ROCKY FLATS 
CASE NO. TCLP31 SDG PKG3 

TAL Metals: 

14/TCLP Leachates (solids)/ 

1A- 1 1B-1 1c-1-2 
2A-2 2B-2 2c-2-1 
3A-1 3B-2 3C-3-2 
4D-#l 5D-#12 

1D-#2 
2D-2-2 
3D-#2 

A validation was performed on the inorganic analytical data from 
Case No. TCLP3, SDG PRG3, soil samples collected by EG&G, Idaho, 
Inc. at the Rocky Flats site. The data were reviewed with 
reference to the EPA "Functional Guidelines for Evaluating 
Inorganic Analysest1 as applied for use within USEPA Region VIII, 
and were evaluated based on the following parameters: 

Data Completeness 
Holding Times 
Calibrations 
Blanks 
Interference Check Sample Results 
Laboratory Control Standard and Duplicate Results 
ICP Serial Dilution Results 
Detection Limits 
Sample Quantitation 

* - All quality control criteria were met for this parameter. 
No matrix spike or laboratory duplicate analyses were performed for 
this analytical data set. No field duplicate pairs or field 
quality control blanks were included with this sample set. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followina information: 
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Blanks 

Laboratory method blank analyses yielded the following contaminants 
in the maximum concentrations indicated: 

I 
I 

Maximum Action 
Contaminant Concentration (ug/L) Level (ug/L) 

barium 
calcium 

2.0 
72.0 

10.0 
360.0 

Samples Affected: All I - 
Blank Actions 
Value > IDL and c Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified, 

Individual sample size, moisture content and dilution factors were 
considered prior to the application of all action levels. No 
actions were taken for barium and calcium because all positive 
sample results for these analytes were greater than the action 
level. 

ICP Serial Dilution Results 

One ICP Serial Dilution Percent Difference (%D) was greater than 
10% when the undiluted sample concentration exceeded 50 x IDL for 
calcium. The positive result reported for this analyte in the 
affected sample is qualified as estimated, 

I 

1 
ltJ1l. 

No other problems were encountered. 

Overall Assessment 

The data are accepted for use as qualified. One positive result 
for calcium in the affected sample is estimated due, to serial 

I 
dilution percent difference >lo%. 

1 



ROCKY FLATS 
CASE NO* TCLP3, SDG PKG3 

TABLE 1 - RECOMMENDATION SUMMARY 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Tha 11 ium 
Vanadium 
Zinc 
Boron 

If the field is left blank, the qualifier is A, accept all data. 

J1 - Estimate I 1 J I 1  associated positive sample 
results in affected sample due to serial 
dilution %Ds > 10%. 
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TO: 

FROM: 

SUBJECT 

RICE NINESTEEL 

RICKY DEPAUL gem 

MISCELLANEOUS DATA VALID 
ROCKY FLATS 
CASE NO. TCLP3, SDG PKG3 

SAMPLES : 

Miscellaneous Parameters 

INTERNAL CORRESPONDENCE 

C-49-5-2-087 

DATE: MAY 11, 1992 

COPIES: D. A. SCHEIB 

EION - LEACHATES 

Total & Amenable Cyanide, Gross Alpha & Beta Radiological 
Analyses, Final pH 

14/solids/207C- BATCH 

2A-2 3A-1 2B-2 1B-1 
1A-1 3-2 2D 2.2 2c 2.1 
3c 3.2 1D #2 3D #2 5D #12 
4D #1 1c 1.2 

A validation was performed on the miscellaneous analytical data 
from the analyses of Case No. TCLP3 , SDG PKG 3 , samples prepared at 
the Pittsburgh Laboratory on 4/10/92. No field quality control 
blanks or field duplicate pairs were included with this analytical 
data set. The data were reviewed with reference to method-specific 
quality control criteria and the EPA "National Functional 
Guidelinestt as applied for use within Region VIII. Only Form I 
laboratory sample results and associated raw data were provided 
with this analytical data set. 

The maximum amount of total cyanide present in the associated 
samples does not exceed 0.026 mg/l. Only nondetected sample 
results were reported for the analyses of amenable cyanide and 
gross alpha radiological screen. Only positive results were 
reported for the gross beta radiological analyses. 

No problems were encountered in this case. 

OVERALL ASSESSMENT 

All data are accepted without qualification. 
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INTERNAL CORRESPONDENCE 

C-49-5-2-64 

TO: RICH NINESTEEL DATE: MAY 8 ,  1992 

FROM : DAVID A. YOST DA'i COPIES: D. A. SCHEIB 

SUBJECT: INORGANIC DATA VALIDATION - TCLP LEACHATES 
ROCKY FLATS 
CASE NO. TCLP4, SDG PKG4 

TAL Metals: 

19/TCLP Leachates (solids)/ 

1-AC 1-BC 1cc 2 -AC 2 BC 
2cc 3-AC 3-BC 3cc 4 -AC 
4-BC 4cc 5-AC 5-BC 5cc 
6CC H20-2.1 H20-3.11 H20-1.11 

A validation was performed on the inorganic analytical data from 
Case No. TCLP4, SDG PKG4, soil samples collected by EG&G, Idaho, 
Inc. at the Rocky Flats site. The data were reviewed with 
reference to the EPA "Functional Guidelines for Evaluating 
Inorganic Analyses" as applied f o r  use within USEPA Region VIII, 
and were evaluated based on the following parameters: 

Data Completeness 
Holding Times 
Calibrations 
Blanks 
Interference Check Sample Results 
Laboratory Control Standard and Duplicate Results 
I C P  Serial Dilution Results 
Detection Limits 
Sample Quantitation 

* -  All quality control criteria were met for this parameter. 

No matrix spike or laboratory duplicate analyses were performed for 
this analytical data set. No field duplicate pairs or field 
quality control blanks were included with this sample set. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followinq information: 

Blanks 

Laboratory method blank analyses yielded the following contaminants 
in the maximum concentrations indicated: 
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Maximum Action 
Contaminant Concentration (ug/L) Level (ug/L) 

aluminum 4 0 . 0  
calcium 1 0 2 . 0  
chromium 9.0 
iron 2 0 . 0  
magnesium 4 6 . 0  

2 0 0 . 0  
510.0 

4 5 . 0  
100.0 
2 3 0 . 0  

Samples Affected: All 

Blank Actions: 
Value > IDL and < Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified. 

Individual sample size, moisture content and dilution factors were 
considered prior to the application of all action levels. No 
actions were taken for calcium and chromium because all positive 
sample results for these analytes were greater than the action 
level. 

No other problems were encountered. 

Overall Assessment 

The data are accepted for use as qualified. Positive sample 
results within the action levels for aluminum, iron and magnesium 
were qualified due to laboratory method blank contamination. 



ROCKY FLATS 
CASE NO. TCLP4, SDG PKG4 

TABLE 1 - RECOMMENDATION SUMMARY 

Aluminum A1 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Ca 1 c ium 
Chromium 
Cobalt 
Copper 
Iron A1 
Lead 

Magnesium A1 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thall ium 
Vanadium 
Zinc 
Boron 

If the field is left blank, the qualifier is A, accept all data. 

A’ - Accept data, but raise sample detection limit (where 
appropriate) to a revised detection limit due to 
laboratory method blank contamination. 
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INTERNAL CORRESPONDENCE 

C-49-5-2-13 0 

TO: MR. R I C H  NINESTEEL DATE: MAY 14, 1992 

FROM: KELLY A. JOHNSON COPIES: DoAoSCHEIB 

SUBJECT: MISCELLANEOUS DATA VALIDATION - LEACHATES 
ROCKY FLATS 
CASE NO. TCLP, PKG. 4 

SAMPLES : 
Miscellaneous/TCLP Leach: 

3/waters/207C Settled H20 - 
3.11, 2.10, 1.11 

19/clarifier/207C Clarifier - 
lAC, 2AC, 3AC, 4AC, 5AC, lBC, 2BC, 3BC, 
4BC, 5BC, lCC, 2CC, 3CC, 4CC, 5CC, 6CC 

PARAMETERS : 
Miscellaneous 

Total Cyanide, Gross Alpha Screen, Gross Beta Screen, 
Amenable Cyanide, TCLP Leach pH 

A validation was performed on various analytical data from the 
miscellaneous parameters analyses conducted on TCLP leachates of 
Case No. TCLP PKG.4 of aqueous samples collected by EG&G Rocky 
Flats Inc. on April 13, 1992 at the Rocky Flats site. 

The data were reviewed with reference to Method-specific quality 
control criteria and were evaluated based on the following 
parameters: 

* 0 Holding Times 

* - All quality control criteria were met for this 
parameter. 

OVERALL ASSESSMENT 

No qualifications to any sample data were required.The maximum 
amounts of total and amenable cyanide that existed in environmental 
samples were 0.02 mg/L, and -3.0 mg/L, respectively. The Gross 
Alpha Screen results were all nondetects and the maximum Gross Beta 

U A 1 1 T R T  TRTnhT h T T  IC 



C-49-5-2-130 
MR. RICE NINESTEEL 

PAGE 2 
MAY 14, 1992 

Screen results were 780+/-110 pCi/L. 

No quality control data were included in this SDG. 

HALLIBURTON NUS 
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Environmental Corporetion 

TO: 

FROM: 

SUBJECT: 

RICE NINESTEEL 

DWAYNE Sa MOCK 

INORGANIC DATA VALIDATION 
ROCKY FLATS 
CASE NO. TCLP7, SDG PKG7 

INTERNAL CORRESPONDENCE 

C-49-5-2-198 

DATE: MAY 19; 1992 

cc: Dm A. SCBEIB 

Selected TCLP - Extracted TAL Metals: 
16/waters/BATl-LX, BAT2-LX, BAT3-LX, BAT4-LX 

BAT5-LX, BATCH1, BATCHlA, BATCHlB, 
BATCH2, BATCH2A, BATCH2B, BATCH3, 
BATCH3A, BATCH4A, BATCH5A, CONTROL 

A validation was performed on the inorganic analytical data from 
Case No. TCLP7, SDG PKG7, water samples prepared by laboratory 
personel at the Pittsburgh Laboratory of HALLIBURTON NUS 
Environmental Corporation on 4/29/92 for the Rocky Flats site. The 
data were reviewed with reference to the EPA "Functional Guidelines 
for Evaluating Inorganic Analyses" as applied for use within Region 
VIII, and were evaluated based on the following parameters: 

* 0 
* 0 
* 0 

* 0 
* 0 

0 
* 0 
* 0 

0 

Data Completeness 
Holding Times 
Calibration Verification 
Laboratory Blank Analyses 
ICP Interference Check Sample Results 
Laboratory Control Sample Results 
ICP Serial Dilution Results 
Detection Limits 
Sample Quantitation 

* - All quality control criteria were met for this parameter. 
Matrix spikes and laboratory duplicates were not designated for 
analyses in this SDG, therefore the data were not evaluated for 
these parameters. Also, no field duplicate pairs were included 
with this analytical data set. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followina information: 

Blanks 

No field quality control blanks were included with this analytical 
data set. 
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Laboratory method blank analyses yielded the following contaminants 
in the maximum concentrations indicated: 

Maximum Action 
Analvte Concentration (ug/l) Level (ug/l) 

aluminum. 
calcium 

20.0 
61.0 

100 
305 

Sample Affected: All 

Blank Actions: 

Value > IDL and < Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified. 

Dilution factors were considered prior to the application of all 
action levels. No actions were taken for aluminum and calcium 
since all results for these analytes were greater than the action 
level. 

ICP Serial Dilution Results 

The ICP Serial Dilution Percent Differences (%Ds) for chromium in 
samples BAT4-LX and BATCH2A exceededthe 10% quality control limit, 
when the undiluted sample results exceeded 50X the IDL. The 
positive results for this analyte in these samples are qualified as 
estimated, (J) . 
Overall Assessment o f  the Data 

The data are acceptable for use as qualified. Several analytes 
were detected as contaminants in the laboratory method blanks, but 
no actions were necessary because all results were greater than the 
action levels. Positive results for chromium in samples BAT4-LX 
and BATCH2A are estimated due to ICP serial dilution %Ds > 10% when 
the undiluted sample concentrations for this analyte exceeded 50X 
the IDL. No other problems were encountered. 
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ROCKY FLATS 
CASE NO. TCLP7, 806 PKG7 

TABLE 1 - RECOMMENDATION SUMMARY 
Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Selenium 
Magnesium 

Iron 
Lead 
Mercury 
Nickel 
Chromium J1 
Silver 

If the field is left blank, the qualifier is A - Accept all data. 

J1 - Estimate (J) positive results in samples BAT4- 
LX and BATCH2A due to I C P  Serial Dilution %Ds 
> 10%. 



4hHALLIBURTON .NUS ’ b va Environmental Corporation INTERNAL CORRESPONDENCE 

C-4 9-5-2-187 

TO: RICE NINESTEEL DATE: MAY 19, 1992 

FROM: RICKY DEPAUL i ? c ~  COPIES: D. Am SCHEIB 

SUBJECT: ORGANIC DATA VALIDATION - VOA ZHES 
ROCKY FLATS 
CASE NO. TCLP7, SDG PKG7 

SAMPLES : 

Volatiles: 

4/aqueous/207C- & CLAR BATCH #2 WATER BATCH #3A 

W/LATEX BATCH #5LX 

WATER @ 7 0  F BATCH #lB 

A validation was performed on the organic analytical data from the 
volatile fraction analyses of Case No. TCLP7, SDG PKG 7, zero 
headspace extraction leachate samples prepared by HALLIBURTON NUS 
laboratory personnel at the Pittsburgh Laboratory on 4/29/92. Four 
associated field quality control blanks were included with this 
analytical set. No field duplicate pairs were designated for 
analysis. Additionally, a TCLP matrix spike was not designated for 
analysis by Halliburton NUS ETG project management; hence the 
sample data were not evaluated for this parameter. The data were 
reviewed with reference to the EPA tlFunctional Guidelines for 
Evaluating Organic Analysestt, as applied for I use within Region 
VIII, and were evaluated based on the following parameters: 

I 
m 

* 0 Data Completeness 
* 0 Holding Times 
* 0 GC/MS Tuning 
* 0 Calibrations 
* 0 Blanks 
* 0 Surrogate Spike Recoveries 
* 0 Internal Standards Performance 
* 0 Compound Identification 
* 0 Compound Quantitation 

I 
3 

* - All quality control criteria were met for this parameter. 

No problems were encountered in this case. 
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ADDITIONAL COMMENTS 

Sample 207C & CLAR BATCH f2 and its associated field blank were 
analyzed on the seventh day from sample collection.' Precise 
sampling times could not be obtained since actual chain-of - 
custodies do not exist. Hence, the data validator is unable to 
ascertain if holding time exceedances occurred. In the 
professional judgement of the validator, the sample data is 
submitted without qualification. 

OVERALL ASSESSMENT 

All data are accepted without qualification. 

Attachments: 

1. Appendix A - Analytical Results. 
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C-19-5-2-220 

TO: M R o  RICH NINESTEEL DATE: MAY 20, 1992 

FROM: KELLY A. JOHNSON f&q COPIES: DoAoSCHEIB 

SUBJECT: MISCELLANEOUS DATA VALIDATION - LEACHATES 
ROCKY FLATS SOLAR PONDS TREATABILITY PROJECT 
CASE NO. TCLP, PKG- 8 

SAMPLES : 
Miscellaneous/TCLP Leach: 

14/leachates/207C & silt at - 
15% TSS Batch - lA, 2A, 3A 
10% TSS Batch - lB, 2B, 3B 
5% TSS Batch - lC, 2C, 3C 
207C W/LATEX at 5% TSS Batch - 
lD, 2D, 3D, 4D, 5D 

PARAMETERS : I 
Miscellaneous 

Paint Filter Liquids Test, Paint Can Test 
Cyanide (Total) , Cyanide (Amenable) 

ZHE/PART 261 Volatiles 

1,l-dichloroethene, 1,2-dichloroethane, 2-butanone, 
benzene, carbontetrachloride, chlorobenzene, chloroform, 
tetrachloroethene, trichloroethylene, vinyl chloride 

A validation was performed on the miscellaneous parameters and 
ZHE/Part 261 volatiles TCLP data from Case No. TCLP8, SDG.8 on 14 
leachate samples prepared by HALLIBURTON NUS Environmental 
Laboratories on April 3 ,  1992, cured for 28 days and with the 
leaching procedure performed on May 1, 1992. No field duplicate 
pairs were included in the analytical data set (also included in 
the fourteen samples are four ambient condition blanks analyzed 
along with the ZHE/Part 261 volatiles). 



C-4 9-5-2-22 0 

MAY 20, 1992 
PAGE 2 

MR. RICH NINESTEEL 

The data were reviewed with reference to method-specific quality 
control criteria and were evaluated based on the following 
parameters: 

* 0 Holding Times 
* 0 Blanks 

0 Matrix Spike/Matrix Spike Duplicate 

* -  - 

All quality control criteria were met for this 
parameter. 

MATRIX SPIKE/MATRIX SPIKE DUPLICATE 

The matrix spike (MS) Percent Recovery (%R) for total cyanide 
results were (70.1%) which according the laboratory, indicates 
matrix interference. Therefore positive and nondetected results 
reported for this analyte are qualified as estimated, (J) and (UJ), 
respectively. 

OTHER COMMENTS 

The amenable cyanide results were all reported as negative values 
and it is not understood by the data validator how results can be 
quantitated as negative concentrations, therefore all data are 
considered unreliable and are qualified as rejected (R). 

OVERALL ASSESSMENT 

According to the laboratory matrix spike %Rs for total cyanide were 
low indicating matrix interference, and are qualified accordingly. 
Results reported for amenable cyanide were all negative and are 
therefore qualified as unuseable. 

No other problems with the data were noted. 
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ROCKY FLATS 
TCLP8, PKG.8 

TABLE 1 - QUALIFICATION SUMMARY 

Paint Filter Liquids Test 
Paint Can Test 
Cyanide, Total J1 
Cyanide, Amenable R1 
ZHE/PART 261 - Volatiles 

If the field is left blank, the qualifier is A - Accept all data. 
J1 - Estimate (J) positive and (UJ) nondetected results for 

total cyanide due to matrix interference. 

R1 - Reject (R) all negative results for amenable cyanide 
because negative concentrations are analytically unsound. 
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TO : 

FROM: 

SUBJECT: 

SAMPLES 2 

INTERNU CORRESPONDENCE 

C-49-5-2-228 

MR. RICH NINESTEEL DATE: MAY 21, 1992 

KELLY A. JOHNSON COPIES: D.A. SCHEIB 

TCLP VOLATILE ORGANIC DATA VALIDATION - VOA/LEACHATES 
ROCKY FLATS SOLAR PONDS TREATABILITY PROJECT 
CASE NO. TCLP8, PACKAGE 8 

Volatiles: 

8/leachates/ 

207C Silt at 15% TSS Batch - 2A Blank, 2A Leach 
207C Silt at 10% TSS Batch - 2B Blank, 2B Leach 
207C Silt at 5% TSS Batch - 2C Blank, 2C Leach 
207C W/Latex at 5% TSS Batch - 3D Blank, 3D Leach 

A validation was performed on the volatile organic TCLP data from 
Case No. TCLP8, Package.8 on 8 leachate samples (including four 
ambient condition blanks) prepared by HALLIBURTON NUS Environmental 
Laboratories on April 3, 1992, cured for 28 days and with the 
leaching procedure performed on May 1, 1992. No field duplicate 
pairs were included in this analytical data set. 

The data were reviewed with reference to method-specific quality 
control criteria and were evaluated based on the following 
parameters: 

* e 
* e 
* e 
* e 
* e 

0 

* e 
* e 
* e 

* -  

Data Completeness 
Holding Times 
GC/MS Tuning 
Calibrations 
Blanks 
Surrogate Spike Recoveries 
Internal Standard Performance 
Compound Identification 
Compound Quantitation 

All quality control criteria were met for this 
parameter. 
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SURROGATE SPIKE RECOVERIES 

The surrogates Percent Recoveries (%Rs) toluene-d8 and 
bromofluorobenzene exceeded quality control criteria in sample 3D 
Leach. However since there were no positive results reported for 
any compound in this sample, no qualifications were necessary. 

OVERALL ASSESSMENT 

There were non-compliant surrogate %Rs for sample 3D Leach but no 
data was implicated as there were no positive results in the 
effected sample. 
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TO : 

FROM: 

SUBJECT: 

SAMPLES : 

C-4 9-5-2-2 2 1 

M R m  RICH NINESTEEL DATE: MAY 20, 1992 

KELLY A. JOHNSON COPIES: D.A. SCHEIB 

INORGANICS DATA VALIDATION - LEACHATES 
ROCKY FLATS SOLAR PONDS TREATABILITY PROJECT 
CASE NO. TCLP8, PACKAGE 8 

Inoraanics/TCLP Leach: 

14/leachates/207C & silt at - 
15% TSS Batch - lA, 2A, 3A 
10% TSS Batch - lB, 2B, 3B 
5% TSS Batch - lC, 2C, 3C 
207C W/LATEX at 5% TSS Batch - 

lD, 20, 3D, 4D, 5D 

A validation was performed on the inorganic metals TCLP data from 
Case No. TCLP8, SDG.8 consisting of 14 leachate samples prepared by 
HALLIBURTON NUS Environmental Laboratories on April 3 ,  1992, cured 
for 28 days and with the leaching procedure performed on May 1, 
1992. 

The data were reviewed with reference to method-specific quality 
control criteria and were evaluated based on the following 
parameters: 

* 0 Holding Times 

* 0 Calibrations 
* 0 Laboratory Control Sample 
* 0 ICP Interference Check 

e ICP Serial Dilutions 

e Laboratory Method Blanks 

* -  All quality control criteria were met for this 
parameter. 

Laboratory duplicate, field duplicate samples, and matrix spike 
analyses were not included in this data set, therefore, the data 



I 
1 
8 
8 
I 
I 
8 

C-4 9-5-2-2 2 1 
MR. RICH NINESTEEL, 
MAY 20, 1992 
PAGE 2 

were not evaluated for these parameters. 

All qualifications made to analytical data are summarized at the 
end of this document in Table 1. 

The contaminants found in associated low level laboratory method 
blank analyses are summarized below: 

ComDound 
Calcium 
Aluminum 

Maximum Action 
Concentration Level 

250 ug/L 1250 ug/L 
20 ug/L 100 ug/L 

Samples Affected: All 

Blank Actions: 
o Value < CRQL; report CRQL followed by a U. 
o Value > CRQL and < action level; report value followed by a U. 
o Value > CRQL and > action level; report value unqualified. 

Dilution factors were considered prior to application of the action 
levels. No qualifications were made as there were no positive 
results within the action levels. 

ICP SERIAL DILUTIONS 

Serial dilutions were performed for every sample. Several Percent 
Differences ( % D ) s  for several analytes were greater than lo%, 
however no data were implicated. The %D for calcium was high in 
sample 207C W/Latex at 5% TSS Batch 2D, and the positive result for 
calcium is qualified as estimated (J) in that sample. 

OVERALL ASSESSMENT 

There were two blank contaminants found however, their reported 
concentrations in environmental samples exceeded the action levels 
and thus required no actions. There were also several non-compliant 
%Ds for serial dilutions, however, only positive results for one 
sample required action. 
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ROCKY FLATS 
INORGANICS TCLP8, PKG.8 

TABLE 1 - QUALIFICATION SUMMARY 

Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Chromium 
Iron 
Lead 
Magnesium 
Mercury 
Nickel 
Selenium 
Silver 

If the field is left blank, the qualifier is A - Accept all data. 
J1 - Estimate (J) positive result for calcium due to ICP. 

serial dilution %D greater than 10%. 
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TO: 

FROM : 

SUBJECT : 

RICE NINESTEEL 

RICKY C. DEPAUL R c D  

INORGANIC DATA VALIDATION 
ROCKY FLATS 
CASE NO. TCLP9, SDG PKG9 

INTERNAL CORRESPONDENCE 

C-19-6-5-068 

DATE: JUNE 5 ,  1992 

cc: D e  A. SCBEIB 

SELECTED TAL Metals: 

19 waters/207C-WATER BATCH- #1, #2, #3 

& CLARIFIER BATCH- #lAC, #2AC, #3AC, #4AC, 
#5AC, #1BC, #2BC, #3BC, 
#4BC, #5BC, #lCC, #2CC, 
#3CC, #4CC, #5CC, #6CC 

A validation was performed on the inorganic analytical data from 
Case No. TCLP9, SDG PKG9, TCLP leachate samples prepared by 
HALLIBURTON NUS Environmental Corporation laboratory personnel at 
the Pittsburgh laboratory on 5 / 4 / 9 2 .  The data were reviewed with 
reference to the EPA llFunctional Guidelines for Evaluating 
Inorganic Analyses1’ as applied for use within USEPA Region VIII, 
and were evaluated based on the following parameters: 

* 0 
* 0 
* 0 

0 
* ” 
* d 

0 
* 3 

* 0 

r\ 

n 

Data Completeness 
Solding Times 
Calibration Verification 
Laboratory Blank Analyses 
ICE) Interference Check Sample Results 
Laboratory Control Sample Results 
IC? Serial Dilution Results 
Ietection Limits 
Sample Quantitation 

* - All quality control criteria were met for this parameter. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followinq information: 

Laboratory and field duplicates, matrix spike analyses and CRDL 
Standard analyses were not included with this analytical data set; 
hence the sample data were not evaluated for these parameters. 

Blanks 

No field quality control blanks were included with this analytical 
data set. Preparation blank analysis yielded the following 
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Analvte 

aluminum 
calcium 

Maximum Action 
Concentration (ug/l) Level (ug/l) 

73.0 
89.0 

365 
445 

Sample Affected: All 

Blank Actions: 

Value > IDL and e Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified. 

Individual sample size and dilution factors were considered prior 
to the application of all action levels. No actions were taken for 
any of the above analytes because all sample concentrations for 
these analytes are above the action level. 

ICP Serial Dilution Results 

The Serial Dilution Percent Differences (%Ds) exceeded 10% when the 
undiluted sample results exceeded 50X IDL for barium in samples 
207C & CLAR BATCH #4 CC and 207C & CLAR BATCH #6 CC. Positive 
sample results were reported for this analyte in the affected 
samples and these results are qualified as estimated, llJfl. 

Additional Comments 

Barium, which is not supposed to be present in the ICs Solution A, 
was found at concentrations greater than 2X the IDL. Additionally, 
the interferant analyte calcium was present in a l l  samples at 
concentrations greater than 50% of that found in the ICs solution. 
However, estimated elemental interferances were < 10% of the 
reported sample concentrations for barium and no further actions 
were taken. 

Overall Assessment of the Data 

The data are acceptable for use as qualified. Calcium and aluminum 
were found as contaminants in the preparation blanks. All positive 
sample results for these analytes were greater than the action 
levels and no further actions were required. Positive sample 
results for barium in two samples are estimated because serial 
dilution percent differences exceeded 10% when the undiluted sample 
results were > 50X the IDL. Barium which was not supposed to be 
present in ICs solution A, was found at concentrations > 2X IDL. 
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Additionally, calcium was present in a l l  samples at concentrations 
> 10% of the respective ICs level for this interferant analyte. 
However, calculations of estimated elemental interferences dictate 
that no further actions are required. 

No other problems were encountered. 
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ROCKY FLATS 
CASE NO. TCLP9, SDG PKG9 

TABLE 1 - RECOMMENDATION SDMMARY 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
S i lver 
Sodium 
Thall ium 
Vanadium 
Zinc 
Boron 

If the field is left blank, the qualifier is A - Accept all data. 
J1 - Estimate llJ1l positive sample results in the 

affected samples due to serial dilution %D > 
10%. 



.ruHALLIBURTON NUS \=: Environmental Corporation INTERNAL CORRESPONDENCE 

C-49-6-2-69 

TO: RICE NINESTEEL DATE: JUNE 5, 1992 

FROM: KENT WEAVER COPIES: D. A. SSCHEIB 

SUBJECT: ORGANIC DATA VALIDATION - TCLP VOAS 
ROCKY FLATS 
CASE NO. TCLP9, SDG PKG9 

SAMPLES : 

Volatiles: 

8/aqueous/3ACBLANK 3ACLEACH 3BCBLANK 
3BCLEACH 3CCBLANK 3CCLEACH 
SWBLANK SWLEACH 

A validation was performed on the Toxic Characteristic Leaching 
Procedure (TCLP) organic analytical data from the volatile fraction 
analyses of Case No. TCLP9, SDG PKG9, low level aqueous samples 
collected by HALLIBURTON NUS Environmental Corporation on 5/04/92 
at the Rocky Flats site. Four field blanks were included with this 
analytical set. The data were reviewed with reference to the EPA 
"Functional Guidelines for Evaluating Organic Analyses" as applied 
for use within Region VI11 and were evaluated based on the 
following parameters: 

Data Completeness 
Holding Times 
GC/MS Tuning 
Calibrations 
B 1 a r. ks 
Surrogate Spike Recoveries 
Internal Standard Performance 
Compound Identification 
Compound Quantitation 

* -  All quality control criteria were met for this parameter. 
No problems were encountered in this case. 
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OVERALL ASSESSMENT 

All data are accepted without qualification. The #'date received" 
on the volatile fraction Form 1 for sample 3BCLEACH was reported 
incorrectly. The true date of reception by the laboratory 
(05/04/92) was transposed over to the associated Form 1. No 
qualifications were necessary. 

Attachments: 

1. Appendix A - Qualified Analytical Results 

HALLIBURTON NUS 



TO: 

FROM: 

SUBJECT: 

SAMPLES : 

INTERNK CORRESPONDENCE 

C-49-6-5-073 

RICE NINESTEEL DATE: JUNE 5 ,  1992 

RICKY DEPAUL pcb COPIES: D. A. SCEEIB 

MISCELLANEOUS DATA VALIDATION - LEACHATES 
ROCKY FLATS 
CASE NO. TCLP9, SDG PRG9 

Miscellaneous Parameters 

Total & Amenable Cyanide, Final pH 

19/solids/207C-WATER BATCH #1, #2, #3 

& CLAR BATCH #lAC, #2AC, #3AC, #4AC, #5~c, 
#1BC, #2BC, #3BC, #4BC, #5BC, 

#6CC 
flee, #2CC, #3CC, #4CC, #5CC, 

A validation was performed on the miscellaneous analytical data 
from the analyses of Case No. TCLP9, SDG PKG 9 ,  samples prepared at 
the Pittsburgh Laboratory on 5/4/92. No field duplicates or field 
quality control blanks were included with this analytical data set. 
The data were reviewed with reference to method-specific quality 
control criteria and the EPA "National Functional Guidelines" as 
applied for use within Region VIII. Only Form I laboratory sample 
results and associated raw data were provided with this analytical 
data set. 

The maximum amount of total cyanide present in the associated 
samples does not exceed 0.032 mg/l. Only nondetected sample 
results were reported for the analyses of amenable cyanide. 

No problems were encountered in this case. 

OVERALL ASSESSMENT 

All data are accepted without qualification. 

Attachments: 

1. Appendix A - Analytical Results 
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TO: RICE NINESTEEL 

I FROM: RICKY C. DEPAUL ficb 

DATE: JUNE 11, 1992 

CC: De Am SCEEIB 

SUBJECT: INORGANIC DATA VALIDATION 
ROCKY FLATS 
CASE NO. TCLPlOp SDG PKGlO 

I 
I Selected TCLP - Extracted TAL Metals: 

20/waters/207 A/B BATCH #lTA, #2TA, #3TA, #4TA, #5TA 
~ #lTB, #2TB, #3TB, #4TB, #5TB 

#lTC, #2TC, #3TC, #4TC, #5TC 
#1TD, #2TD, #3TD, #4TD, #5TD 

A validation was performed on the inorganic analytical data from 
Case No. TCLP10, SDG PKG10, leachate samples prepared by 
HALLIBURTON NUS Environmental Corporation laboratory personnel at 
the Pittsburgh laboratory on 5/6/92 and 5/7/92. The data were 
reviewed with reference to the EPA "Functional Guidelines for 
Evaluating Inorganic Analyses" as applied for use within USEPA 
Region VIII, and were evaluated based on the following parameters: 

* 0 Data Completeness 
* 0 Holding Times 
* 0 Calibration Verification 

0 Laboratory Blank Analyses 
* 0 ICP Interference Check Sample Results 

0 Matrix Spike Recoveries 
* 0 Laboratory Control Sample Results 

0 ICP Serial Dilution Results 
* 0 Detection Limits 
* 0 Sample Quantitation 

I 
I * - All quality control criteria were met for this parameter. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followincr information: 

Laboratory and/or field duplicate analyses and CRDL Standard 
analyses were not included with this analytical data set; 
hence the data were not evaluated for these parameters. 

Blanks 

No field quality control blanks were indluded with this analytical 

I 
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data set. Laboratory method and preparation blank analyses yielded 
the following contaminants in the maximum concentrations indicated: 

Maximum Action 
Analvte Concentration (ug/l) Level (ug/l) 

aluminum 
barium 
calcium 
cadmium 
chromium 
iron 
magnesium 

152 

188 
2.0 

5.0 
14.0 
51.0 
157 

760 

940 
10.0 

25.0 
70.0 

255 
785 

Sample Affected: All 

Blank Actions: 

Value > IDL and < Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified. 

Individual sample size and dilution factors were considered prior 
to the application of all action levels. No actions were taken for 
aluminum, barium and calcium because all sample concentrations for 
these analytes are above the action levels. Also, no 
qualifications were made for cadmium since all sample results for 
this analyte were nondetects. 

Matrix Spike Recoveries 

The Matrix Spike (MS) Percent Recoveries (%Rs) for barium and 
calcium were extremely low,(< 3 0 % ) .  Only positive sample results 
were reported for these analytes and these results are qualified as 
estimated, llJ1l. The MS %Rs for lead and silver were less than 75%, 
yet greater than 30%. Only nondetected sample results were 
reported for these analytes and these results are qualified as 
estimated, t t U J ' l .  

ICP Serial Dilution Results 

The ICP Serial Dilution Percent Differences (%Ds) for barium 
exceeded 10% in sample 207 A/B BATCH #5TC when the undiluted sample 
result exceeded 50X the IDL. The positive sample result for this 
analyte in this sample is qualified as estimated, rlJ1l.  The serial 
dilution % D s  for aluminum in samples 207 A/B BATCH #1TD and 207 A/B 
BATCH #2TD were greater than 10% when the undiluted sample results 
for this analyte exceeded 50X the IDL. The positive sample results 
for this analyte in these samples are qualified as estimated, llJ1l. 
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Overall Assessment of the Data 

The data are acceptable for use as qualified. Aluminum, barium, 
calcium, cadmium, chromium, iron and magnesium were found as 
contaminants in the laboratory method and preparation blanks. All 
positive sample results for calcium, aluminum and barium were 
greater than the action levels and no further actions are required. 
Positive sample results for barium and calcium are estimated due to 
extremely low matrix spike recoveries. Nondetected sample results 
for silver and lead are estimated due to low matrix spike 
recoveries. Positive sample results for barium and aluminum are 
estimated in the affected samples due to serial dilution %Ds which 
exceeded 10% when the undiluted sample results were greater than 
50X the IDL. Barium, which was not supposed to be present in the 
ICs solution was present at concentrations greater than 2X the IDL. 
Additionally, calcium was present in all samples at concentrations 
> 50% of the respective ICs level for this interferant analyte. 
However, calculations of estimated elemental interferences dictate 
that no qualifications are necessary. No other problems were 
encountered. 

E 
II 
I 
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ROCKY FLATS 
CASE NO. TCLPlO, SDG PKGlO 

TABLE 1 - RECOMMENDATION SUMMARY 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

J3 Magnesium A1 
Manganese 
Mercury 

Potassium 
~ 1 , 3  Nickel 

AL 

Selenium 
Silver 
Sodium 
Thall ium 
Vanadium 
Zinc 
Boron 

J* 

If the field is left blank, the qualifier is A - Accept all data. 
A' - Accept data, but raise sample detection limit (where 

appropriate) to a revised detection limit due to blank 
zontamination. 

J1 - lstimate I I J "  positive sample results due to 
3xtremely low ( < 30%) matrix spike 
:ecoveries 

J2 - lstimate IIUJII nondetected sample results due to low 
.atrix spike recoveries < 7 5 % ,  but > 30%. 

J3 - lstimate I1J1l positive sample results in affected 
:amples due to serial dilution %Ds > 10%. 
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TO: 

FROM: 

SUBJECT: 

SAMPLES : 

RICE NINESTEEL 

RICXY DEPAUL PcP 

INTERNAL CORRESPONDENCE 

ORGANIC DATA VALIDATION - VOA ZEES 
ROCKY FLATS 
CASE NO, TCLPlO, SDG PKGlO 

C-49-6-2-092 

DATE: JUNE 8, 1992 

COPIES: D. A. SCEEIB 

Volatiles: 

4/aqUeOUS/207 A/B BATCH- #3TA, #3TB, #3TCj #3TD 

A validation was performed on the organic analytical data from the 
volatile fraction analyses of Case No. TCLP10, SDG PKG 10, zero 
headspace extraction leachate samples prepared by HALLIBURTON NUS 
laboratory personnel at the Pittsburgh Laboratory on 5/7/92. Four 
associated field quality control blanks were included with this 
analytical set. No field duplicate pairs were designated for 
analysis. Additionally, a TCLP matrix spike was not designated for 
analysis by Halliburton NUS ETG project management; hence the 
sample data were not evaluated for this parameter. The data were 
reviewed with reference to the EPA ttFunctional Guidelines for 
Evaluating Organic Analysestt, as applied for use within Region 
VIII, and were evaluated based on the following parameters: 

3ata Completeness 
Xolding Times 
X / M S  Tuning 
zalibrations 
3lanks 
Surrogate Spike Recoveries 
Lnternal Standards Performance 
zompound Identification 
Compound Quantitation 

* - A11 quality control criteria were met for this parameter. 
The attached Table 1 summarizes the validation qualifications which 
were based on the followincr information: 

CALIBRATIONS 

The followig 
corresponding 

tables summarize calibration noncompliances and 
actions. The key associated with these tables is 
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presented below. 

ComDound 
cc 

5/16/92 

lr2-dichloroethane X 

Associated Samples: 3TABLANKr 3TCLEACH 
3TBLEACH, 3TCBLANK 
3TBBLANK, 3TDLEACH 
3TDBLANK 

cc 
5/17/92 

X 

3TALEACH 

Only nondetected sample results were reported for 1,2- 
dichloroethane in the associated samples; no actions were taken. 

Calibration Kev: 
+ RF < 0.050; Estimate (J) positive results and reject (R) - 

nondetects. 
Percent RSD > 30; percent D > 2 5 ;  Estimated (J) positive X - 
results. 

xx - Percent RSD > 50; percent D > 50; Estimate (J) positive 
results and estimate (UJ) nondetects. 

BLANKS 

The maximum concentration of contaminants found in the associated 
low-level laboratory method, and field quality control blank 
analyses is summarized below: 

Maximum 
Compound Concentration (uqll) Action Level (ua/l) 
2-butanone 16 160 

Samples Affected: All 

Blank Actions: 
0 Value < CRQL; report CRQL followed by a U. 
0 

0 Value > CRQL and > action level; report value 

Value > CRQL and < action level; report value followed by 
a U. 

unqualified. 

Dilution factors were considered prior to the application of the 
action levels. 
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No other problems were encountered with this case. 

OVERALL ASSESSMENT 

The compound 2-butanone was found as a contaminant in the 
laboratory method and field quality control blanks. The continuing 
calibration %Ds for 1,2-dichloroethane on 5/16/92 and 5/17/92 were 
noncompliant. However, only nondetects were reported for this 
compound and no actions were taken. 

Attachments: 

1. Appendix A - Qualified Analytical Results. 
2 .  Appendix B - Support Dmumentation. 
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ROCKY FLATS 
TCLP10, SDG PXGlO 

TABLE 1 - QUALIFICATION SUMMARY 
~~ 

Sample No. Volatile 

3TALEACH 
3TBLEACH 
3TCLEACH 
3TDLEACH 
3TABLANK 
3TBBLANK 
3TCBLANK 
3TDBLANK 

If the field is left blank, the qualifier is A - Accept all data. 

A’ - Accept data, but change positive result for 2 -  
butanone to a revised detection limit because 
of blank contamination. 
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b AhHALLIBURTON NUS 1- Environmental Corporation 

TO: 

FROM: 

SUBJECT: 

SAMPLES : 

RICE NINE8TEEL 

RICKY DEPAUL Rcb 

MISCELLANEOUS DATA VALIDATION 
ROCKY FLAT8 
CASE NO. TCLPlOp SDG PKGlO 

IN'I'ERNAL CORRESPONDENCE 

& - / ? - 3 Z  
'C-4 9-6-2-102 

DATE: JUNE 10, 1992 

COPIES: Do A. SCEEIB 

Miscellaneous Parameters 

Paint can filter liquids test, Paint can test 

20/solids/207 A/B BATCH #lTA, #2TA, #3TA, #4TA, #5TA, 
#lTB, #2TB, #3TB, #4TB, #5TB, 
#1TC, #2TC, #3TC, #4TC, #5TC 
#lTD, #2TD, #3TD, #4TD, #5TD 

A validation was performed on the miscellaneous analytical data 
from the analyses of Case No. TCLP10, SDG PKG 10, samples prepared 
at the Pittsburgh Laboratory on 5/6/92. No field duplicates or 
field quality control blanks were included with this analytical 
data set. The data were reviewed with reference to method-specific 
quality control criteria and the EPA IINational Functional 
Guidelines" as applied for use within Region VIII. Only Form I 
laboratory sample results and associated raw data were provided 
with this malytical data set. 

The paixr =an filter liquids test references a method used to 
determine -he presence of free liquids in a representative sample 
of waszs. Determination as to whether the material is deemed to 
contain :;-?e liquids is conducted. All samples report a zero 
millilizsr (0 ml) result for this analysis. Additionally, the 
paint can -est reports only solids for all samples. 

No problems were encountered in this case. 

OVERALL ASSESSMENT 

All data are accepted without qualification. 

Attachments: 

1. Appendix A - Analytical Results 
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L INTERNAL CORRESPONDENCE 

TO: 

FROM: 

SUBJECT : 

RICE NINESTEEL 

DWAYNE S o  MOCK 

INORGANIC DATA VALIDATION 
ROCKY FLATS 
CASE NO. TCLPll, SDG PKGll 

Selected TCLP - TAL Metals: 
4/waters/BATCH- #l, # 2 ,  # 3 ,  #4 

C-19-6-2-100 

DATE: JUNE 10, 1992 

cc: Do A. SCEEIB 

A validation was performed on the inorganic analytical data from 
Case No. TCLP11, SDG PKG11, leachate samples prepared by laboratory 
personnel at the Pittsburgh Laboratory of HALLIBURTON NUS 
Environmental Corporation on 5/15/92 for the Rocky Flats site. The 
data were reviewed with reference to the EPA "Functional Guidelines 
for Evaluating Inorganic Analyses" as applied for use within Region 
VIII, and were evaluated based on the following parameters: 

* 0 
* 0 
* 0 

* 0 
* 0 
* 0 
* 0 
* 0 

0 

Data Completeness 
Holding Times 
Calibration Verification 
Laboratory Blank Analyses 
ICP Interference Check Sample Results 
Laboratory Control Sample Results 
ICP Serial Dilution Results 
Detection Limits 
Sample Quantitation 

* - All quality control criteria were met for this parameter. 
Matrix spikes and laboratory duplicates were not designated for 
analyses in this SDG, therefore the sample data were not evaluated 
for these parameters. Also, no field duplicate pairs were included 
with this analytical data set. 

The attached Table 1 summarizes the validation recommendations 
which were based on the followina information: 

Blanks 

No field quality control blanks were included with this analytical 
data set. 
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Laboratory method blank analyses yielded the following contaminants 
in the maximum concentrations indicated: 

Analvte 

aluminum 
barium 
cadmium 
calcium 

Maximum Action 
Concentration (ug/l) Level (ug/l) 

22.0 
5.0 
5.0 

58.0 

110 
25 
25 

290 

Sample Affected: All 

Blank Actions: 

Value > IDL and < Action Level = Report value U. 
Value > IDL and > Action Level = Report value unqualified. 

Individual sample size and dilution factors were considered prior 
to the application of all action levels. No actions are taken for 
aluminum, barium, and calcium since all results for these analytes 
were greater than the action level. Only nondetects were reported 
for cadmium. 

Additional Comments 

Barium xnich was not supposed to be present in the I C s  solution A 
was found at concentrations which exceeded 2X IDL for this analyte. 
Additicnally, calcium was present in all samples at levels greater 
than 5 0 %  of that reported in the ICs solution. However, 
ca1culaz:zns of estimated elemental interferences from calcium 
dictate ::.at no actions are required. 

Overall Assessment of the Data 

The data are acceptable for use without qualification. Several 
analytes were detected as contaminants in the laboratory method 
blanks, but no actions were necessary because all results were 
greater than the action levels. No other problems were 
encountered. 



dhHALLIBURTON NUS 
Environmental Coiporation 

TO: 

FROM : 

SUBJECT: 

SAMPLES: 

INTERNAL CORRESPONDENCE 

C-49-6-2-118 

MR. RICH NINESTEELr, 

KELLY A. JOHNS09 COPIES: D.A.SCHEIB 

INORGANIC DATA VALIDATION - LEACHATES 
ROCKY FLATS SOLAR PONDS TREATABILITY STUDY 
CASE NO. TCLP12, SDG PKG. 12 

DATE: JUNE 11, 1992 

\ d  

Inoraanics/TCLP Leach: 

9 Leachates/207C water - #1A, #2A, #3A 
207C water and silt Batch - #lB, #2B, #3B 
207C water and clarifier Batch- #IC, #2C, #3C 

A validation was performed on the inorganic TCLP leachates from 
Case No. TCLP12, SDG PKG 12 on 9 leachate samples prepared by 
HALLIBURTON NUS Environmental Laboratories on May 13, 1992 and 
cured for 7 days and with the leaching procedure performed on May 
20, 1992. No field duplicate pairs were included in the analytical 
data set. 

The data were reviewed with reference to the EPA IIFunctional 
Guidelines for evaluating Inorganic Analyses" as applied for use 
within USEPA Region VIII, and were evaluated based on the following 
parameters: 

* e - e 
* e 

e 
* e 

e 
e 

* e 
* e 

Data Completeness 
Holding Times 
Calibration Verification 
Laboratory Blank Analyses 
Laboratory Control Sample Results 
ICP Interference Check Sample Results 
ICP Serial Dilution Results 
Detection Limits 
Sample Quantitation 

* -  All quality control criteria were met for this 
parameter. 

The attached Table 1 summarizes the validation recommendations 
which are based on the followina information: 
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MR. RICE NINESTEEL 

Laboratory duplicate samples, field quality control blanks and 
matrix spike analyses were not included in this analytical data 
set, therefore, the data were not evaluated for these parameters. 

Laboratory method and 
following contaminants 

Analvte 
calcium 
aluminum 
barium 
magnesium 
chromium 

preparation blank analyses 
in the maximum concentrations 

Maximum Action 

yielded the 
indicated: 

Concentration (ug/L) Level (ug/L) 
41.0 205.0 
39.0 195.0 
3.0 15.0 

24.0 120.0 
9.0 45.0 

Samples Affected: All 

Blank Aczions: 
o Value < IDL and < Action Level; report value followed by a U. 
o Value -. IDL and > action level; report value unqualified. 

Indiv-~ua- sample size and dilution factors were considered prior 
to apcliz:zion of the action levels. No actions were taken for 
calcir., -.xiurn, and chromium as all sample concentrations for 
these ::E- zes are above the action levels. 

I C P  INTZITZXENCE CHECK 

Silver -,-K::A was not supposed to be present in the ICs solution was 
presenc -3 concentrations greater than two times the IDL. 
Additionally, calcium was present in all samples at concentrations 
greater than 50% of the respective ICs level for this interferant 
analyte. Calculations of estimated elemental interferences were 
also greater than 50% of the reported sample concentration for 
silver. All sample results for silver were nondetects, and it is in 
the professional opinion of the data reviewer that the very large 
amounts of calcium greatly masked any amounts of silver present in 
all samples. All sample results for silver are rejected, qualified 
(R) . Barium was also detected in the ICs solution at concentrations 
greater than two times the IDL. However, calculations of the 
estimated elemental interferences dictate that no further actions 
be taken. 
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ICP SERIAL DILUTIONS 

The Percent Differences (%Ds) for barium in samples 207C water #1A 
and 207C water #2A were greater than 10% when the undiluted sample 
concentrations exceeded 50 times the IDL. The positive sample 
results for these analytes in these samples are qualified as 
estimated (J) . 
OVERALL ASSESSMENT 

Calcium, aluminum, barium, magnesium, and chromium were found as 
contaminants in the laboratory method and preparation blanks. 
Barium which was not supposed to be present in the ICs solution A, 
was present at concentrations > 2 times the IDL. However, 
calculations of estimated elemental interferences, dictate that no 
actions be taken. Nondetects for silver are considered to be 
unreliable and are rejected due to gross interference by calcium. 
Positive sample results for calcium in samples 207C water #lA and 
#2A are estimated due to serial dilution %Ds > 10%. 

No other problems were noted. 

I 
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ROCKY FLATS 
CASE NO. TCLP12, SDG PKG12 

TABLE 1 - QUALIFICATION SUMMARY 

Aluminum A1 

Barium 51 
Arsenic 

Cadmium 
Calcium 
Chromium 
Iron 
Lead 

Mercury 
Nickel 
Selenium 

Magnesium AI 

Silver R1 

If the field is left blank, the qualifier is A - Accept all data. 
A’ - Qualify nondetected (U) due to blank contamination. 

J1 - Zstimate (J) positive results in affected samples due to 
ICP serial dilution %Ds > 10%. 

R1 - .-.eject (R) nondetected sample results due to ICP/ICS 
-nterference from calcium. 
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TO: MR. RICE NINESTEEq 

INTERNAL CORRESPONDENCE 

&d\ ,-l /L,. /h > ; C-4 9 -6-2 -112 

DATE: JUNE 11, 1992 

FROM: KELLY A. JOHNS0 COPIES: D.A.SCEEIB 

SUBJECT: MISCELLANEOUS DATA VALIDATION - LEACHATES 
ROCKY FLATS SOLAR PONDS TREATABILITY STUDY 
CASE NO. TCLPl2, SDG PKG 12 

SAMPLES: 
Miscellaneous/TCLP Leach: 

9 Leachates/207C water - #1A, #2A, #3A 
207C water and silt batch - #lB, #2B, #3B 
207C water and clarifier batch - #IC, #2C, 
#3C 

PARAMETERS : 

Miscellaneous 

Total and Amenable cyanide, TCLP Leach pH 

A validation was performed on the miscellaneous TCLP parameters 
from Case No. TCLP12, SDG PKG 12 on 9 leachate samples prepared by 
HALLIBURTON NUS Environmental Laboratories on May 13, 1992 and 
cured for 7 days. The leaching procedure was performed on May-20, 
1992. No field duplicate pairs were included in this analytical 
data set. 

The data were reviewed with reference to Method-specific quality 
control criteria and were evaluated based on the following 
parameters: 

* Holding Times 

* -  All quality control criteria were met for this 
parameter. 

OVERALL ASSESSMENT 

No qualifications to any sample data were required. The total 
cyanide maximum detection was 1.2 mg/L. All amenable cyanide 
results were negative. No quality control data were included. 
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HALLIBURTON NUS 
Environmental Laboratories 

CLIENT ORIGINAL 

675 1 -L Engle Road 
Cleveland, OH 441 30 

5350 Campbells Run Road 
Pittsburgh, PA 15205 
800-228-6870 216-891-4700 

april 1% 1892 
ReportNo.: oooO7227 

Section A Page 2 
LABORATORY ANALYSIS REPtXT 

CLIENT NCVIE: ROCKY FLATS - C/O Nus CORPORCITIokI 
PITTSB1IRGHv PA 15- 

MDRESS: 661 n"DRIK 

ATTENTION: tR. RICHHINESTEEL 

Carbon Copy: 

WPLE ID: 207C LlcITER 8 CLARIFIER SLW A 

P.O. No.: 
WsA)QLENo. PO185067 

TEST 
&4 COOE DETERHINATION RESlLT WITS 

I 

2 COMENTS: 

Solids? Dissolved at 18OC - w  
Solidsl Total at 103C 38.7 x 

1 1590 
2 I620 

1 CLEVELAND HOUSTON PITTSBURGH 
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HALLIBURTON NUS 
Environmental Laboratories 

LCIBORCITORY ANALYSIS REPORT 

CLIENT “E: ROCKY FLATS - C/O NUS CORPORATION 

PITTSBURGH? PFI 15220- 
m E s s :  661 CINDERSENDRIVE 

ATTENTION: NR. RICH NINESTEEL 

CLIENT ORIGINAL 

5350 Campbells Run Road 
Pittsburgh, PA 15205 

6751-L Engle Road 
Cleveland, OH 44130 

800-228-6870 2 1 6-89 1 -4700 

?larch 1 1 ,  1992 
Report No.: 00006289 

Section A Page 4 

Nus C U M N O :  1431 ooo4 
WORK OWHRNO: 2K68 

EWoR No: 

Carbon Copy: 

SMPLE ID: 207C FILTRATE DATE 21-FEB-92 
Nus SAWPLE NO: PO190478 OAT€ RECEIKD: 21-FEB-92 

P.O. No.: AppRo\IED BY: J Slranic 

--1------- ---------- --- 
TEST 

!$ CODE DETmnINATIOFJ RESULT UNITS - ---I- 

I- 
8 1 I590 Solids, Dinolwd at  18oC 353r000 rpR 

--- ---- 

c m s :  

1 CLEVELAND HOUSTON PITTSBURGH 



CLIENT ORIGINAL 

5350 Campbells Run Road 
Pittsburgh, PA 15205 

6751 -L Engle Road 
Cleveland, OH 441 30 
216-091-4700 000-220-6070 

HALLIBURTON NUS 
Environmental Laboratories 

CLIENT WE ROCKY RATS - C/O Nus CORPORATION 

PrnSBllRGHr Ph 15220- 
ADDRESS: 661 nlmtsENDRIuE 

ATTENTION: H?. RICHNINESTEEL 

Carbon Copy: 

April 14, 1DW 
Report&.: oooO7097 

section A Page 4 

TEST I CODE DETERnINATIoN RESUT UNITS 

Solidsr Dissolved at  18OC 
Sollds~ Total at 103C 

I 
2 I620 

' CLEVELAND HOUSTON PITTSBURGH 
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HA'LLIBURTON NUS 
Environmental Laboratories 

i .- 

CLIENT DUPLICATE 

5350 Carnobells Run Road 6751-L Enale Road .._ - 
Pittsburgh,-PA 15205 
800-226-6870 

- - _  
Cleveland,'bH 44130 
216-891-4700 

... 
Aprll 14. 1992 

Report No.: oooO7097 
Section A Page 4 

CLIENT NME: ROCKY FLATS - C/O Nvs CORPORATION 

PITTSBURGHI PA 15220- 
ADDRESS: 681 ll" DRIK 

ATTEKUON: FR. RICHNMSTEEL 

Carbon copy: 

sAR)LE ID: 207C HATER S€TlLED *1 

P.O. No.: 
NUSSAWLENO: Pol95050 

NUS CUM NO: 1431 OOO4 
Y O R K ~ N O :  a 6 8  

ENDORNO: 

DATEsfy9LED: 03dpR-92 
ME RECUKD: W-CIPR-92 
AppRoIlED By: J S i m i c  

CLEVELAND HOUSTON PITTSBURGH 



CLIENT ORIGINAL 

5350 Campbells Run Road 
Pittsburgh, PA 15205 

6751-L Engle Road 
Cleveland, OH 441 30 

800-228-6870 216-891-4700 

HALLIBURTON NUS 
Environmental Laboratories 

Warch 11, 1992 
ReportNo.: 00006289 

Secttort A Page 3 
MORATORY W Y S I S  REPORT 

CLIENT NAE: ROCKY FLATS - C/O Nus CORPORATION 

PITTSBURGH? PA 15220- 
4DDRESS: 661 ANDERSEN DRIVE 

ATTENTION: HI?. RICH NINESTEEL 

Carbon Copy: 

SAtlPLE ID: 207C FILTERCAKE 
WsSAnPLEw: Pol90477 

\-- .- P.O. No.: 

Nus CLIENT No: 1431 oO04 
woW(oRDERN0: x68 

KH)(lR No: 

MTE SHIPLED: 21-FEB-92 
DnlE RECEIVED: 2l-FEB-92 
AppRollED By: J Sinanic 

-I__---- --- 
TEST 

DETERtlIWTION RESUT WITS pJ CODE -- 1---- 
-u 

2 l 7 l U  Spec’ific Gravity by Hydrolreter 
3 s909 Buchner Funnel FI l t r a t  ion 

I 
c m s :  

1.312 
3.0 X 

’ CLEVELAND HOUSTON PITTSBURGH 
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1 
8 
B 
1 
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L 
Environmental Labodories 

CLIENT DUPLICATE 

5350 Campbells Run Road 
Pittsburgh, PA 15205 

6751-L Engk Road 
Cleveland, OH 441 30 

800-228-6870 2 1 6-89 1 -4700 

',-- 

. .  AQrll 14* 1992 
Report No.: 00007097 

Section A Page 3 

CLIENT Nm: 
ADDRESS: 

ATTENTION: 

Carbon Copy: 

SCYPLE ID: 
MIS m No: 

p.0. NO.: 

ROCKY FLATS - C/O W CoRpoRAfION 
651 n#ERsEH DRIVE 

Nt. RICH NI%SEEL 
PITTSBURGH~ pn 15220- 

II b 
DCITEISAISPLED. 03-ApR-92 

MTERECEIKD: M - 9 2  
AppRMlED BY: J S i m i c  

1 I590 Salids~ Dissolved at 18OC 
2 I620 SolidsI Total at 103t 

- I g R  
530000 rpn 

c m s :  

CLEVELAND HOUSTON PITTSBURGH 



CLIENT ORIGINAL 

6751 -L Engle Road 
Cleveland, OH 441 30  

5350 Carnpbells Run Road 
Pittsburgh, PA 15205 
aQQ-22a-6870 216-891-4700 

1 
I 
I 
1 
1 

HALLIBURTON NUS 
Environmental Laboratories 

April 14r 1992 
Report No.: ooOo7097 

Section A Page 3 
LABoRAmRv WLYSIS REPORT 

Carbon Copy: 

sAn)LEID: m w T E R m w , w . z  

P.O. No.: 
HIsstWLENo: Pol95049 

Solids Dlswlwd at 18OC 
SoliQi Total at 103C 

1 1 I590 
2 1620 

I 

a CLEVELAND . HOUSTON PITTSBURGH 



1 

1 
I 
1 
1 
I 

c 
HALLIBURTON NUS 
Environmental Laboratories 

5350 Campbells Run Road 
Pittsburgh, PA 15205 

6751 -L Engle Road 
Cleveland. OH 441 30 

800-228-6870 21 6-891 -4700 

mrch I I ~  1992 
?mort NO.: 00006289 

Section A Page 3 
LABORATORY W L Y S I S  REPORT 

CLIENT "E: ROCKY F i T S  - C/O NUS CORPORATION 
ADDRESS: 661 4" DRIVE 

ATTENTION: PlR. RICH NINESTEEL 
PITTSBURGH* PCI 1!5220- 

Carbon Copy: 

SWLE ID: 207C FILTERCAKE 

P.0, No.: 
NUS SWLE rio: P O I W ~  

\ 

?US ClIENT NO: 1431 O W  
jORK ORDER NO: 2K68 

VENDOR No: 

DATE SAWPLED: 21-FE8-92 
DATE RECEIVED: 21-fEB-92 
APPROVED BY: J Siaanic 

-.. - -- 
2 ElW Specific Gravity bv Hydrometer 1.312 
3 sm Buchner Funnel Filtration 3.0 X 

I ---- 
COMIIWTS: 

CLEVELA N D I HOUSTON e PI TTS BU RG H. 
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1 
8 
1 
I 
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& 
CLIENT ORIGINAL 

6751 -L Engle Road 
Cleveland, OH 441 30 

5350 Campbells Run Road 
Pittsburgh, PA 15205 
aoo-228-6870 216-891-4700 

HALLIBURTON NUS 
Environmental Laboratories 

b y  121 1992 
Report No.: oooO7742 

Section A Page 4 
LABORATORY CWALYSIS REPORT 

NUS CLIENT NO: 1431 OOO4 
uow( ORMR NO: 2K68 

Kmou No: 

CLIENT “E: ROCKY FLATS - C/O NUS CORPORATION 
ADDRESS: 661 ammsEN DRIVE 

PITTSBURGHt PA 15220- 
ATTENTION: W. RICH NIMSTEEL 

Carbon Copy: 

DclTEStViUD: UlAvail 
MTE RECEIKD: 3O-M-92 
APPROMD BY: J Simntc 

SCIHPLE ID: CLARIFIER SLUDGE 

P.O. NO.: 
NUS SAHPLE NO: PO194245 

2 T70 Specific gravity f-grn 

CDntlENTS: 

2.74 

I 
1 
1 

t 
I CLEVELAND PITTSBURGH HOUSTON 
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I 
1 
1 
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c 
HALLIBURTON NUS 
Environmental Laboratories 

Aprll 24, 1992 
Report No.: oooO7348 

Section A Page 1 
IABWiTCW ANALYSIS REPUIT 

CLIENT "E: ROCKY R A T S  - C/O NUS CORPORATION 
ADDRESS: 661 MDERSENDRIUE 

ATTENTION: IR. RICHNINESTEEL 
P I ~ ~ B ~ ~ R G H ~  pn 15220- 

Carbon Copy: 

!3WLE ID: CLARIFIER 

P.O. No.: 
WSW4FlE)Jo: PO193462 

CLIENT ORIGINAL 

6751 -L Engle Road 
Cleveland, OH 441 30 

5350 Campbells Run Road 
Pittsburgh, PA 15205 
800-228-6870 216-891 -4700 

Nus CLIENT No: 1431 OOO4 
WRKaRDERNO: 2Km 
E"? No: 

DcLTEscy9LED: #Avail 
DATERECEIED: 23-M-92 
AppRoIlED Bv: J Siuanic 

TEST 
LN COOE OETERnINCYTION RESUT UNIT 

I -- 
1- 1 1620s Percent Solids at  1OX 17.7 X 

2 T 7 0  Specific gravity f-grn 2.74 

I 
8 

CLEVELAND HOUSTON PITTSBURGH 



I HALLIBURTON NUS 

LABORATORY ANALYSIS REPORT 

CLIENT ORIGINAL 

5350 Campbells Run Road 
Pittsburgh, PA 15205 

6751-L Engle Road 
Cleveland, OH 44130 

800-228-6870 2 16-891 -4700 

nay 12v 1992 
Report No.: oooO7742 

Section A Page 6 

CLIENT NAME: ROCKY FLATS - C/O NUS CORPORATION 

PITTSBURGH, PA 15220- 
ADDRESS: 661 AmmSeJ DRIVE 

ATTENTION: MI. RICH NINESTEEL 
1 

Nus CLIENT NO: 1431 OOO4 
YORKORDERNO: a68 

VEKm No: 

Carbon Copy: 

SWLE ID: 207C CRYSTALS 

P.O. NO.: 
1 NUS S W L E  NO: PO194247 

DATE MPLED: UnAvai1 
OAT€ ECEIW: 3O-?W?-g2 
AppRovED BY: J S i m i c  

C ~ M S :  * Result should tte expressed as specific gravity. 

I 

I CLEVELAND HOUSTON PITTSBURGH 



OEOTECBNICAL DATA - XODXFIBD -OD 
POND 207C 

FILTERCAKE 
Specific Gravity 
Specific Gravity (Salt Rinsed) 
Viscosity (CP) 
Percent Water (Karl Fisher) 
Percent Solids (Filtercake) 
Grain Size ( %  passing sieve) , 

Sieve 3/8 inch 
Sieve No. 4 
Sieve No. 10 
Sieve No. 20 
Sieve No. 50 
Sieve No. 100 
Sieve No. 200 

FILTRATE 
Specific Gravity (Hydrometer) 
Solids Dissolved ( 1 8 O o C ) ,  mg/L 
pH 

Specific Gravity (Hydrometer) 
Solids Dissolved (18OoC),  mg/L 
pH 

Specific Gravity (Hydrometer) 
Solids Dissolved ( 18OoC) , mg/L 

SALT RINSE FILTRATE 

. NORTH 
WEST 

1 
2.92()) 

2.41 
1660 
41.1 
29.5 

100 
94.9 
58.6 
32.9 
14.6 
7.9 
3.5 

- 

1.402 
640 , 00 

10.6 

1.062 
88 , 000 
10.3 

1.102 
130 , 000 

10 .1  

SOUTH 
WEST - 
2.84 

600 
40.1 
33.7 

100 
97.5 
71.6 
42.5 
19.9 
10.7 
4.2 

2.24)% 

1.404 
620 , 000 

10.7 

1.067 
82 , 000 

10.6 

1 102 
120,000 

10.5 - 

2.87 

INT( 2-34  
30.7 
40.8 

100 
98.4 
76.3 
48.8 
23.9 
13.4 
5.7 

1.404 
630,000 

10.5 

1.077 
100 f 000 

10.7 

1.117 
150 , 000 

10.6 - 

NORTH 
EAST 

2.82 
1.9 ac 

24.9 
56.1 

100 
95.1 
67.2 
39.7 
17.2 
10.0 
4.1 

INT( 9 '3 

1.418 
630 , 000 

10.5 

1 082 
100 , 000 

10.7 

1.122 
160,000 

10.6 

Source: Testing was performed at HALLIBURTON Nus Pittsburgh Laboratory as per 
Brown 6r Root's Guidelines for Data Testing. 

('I Dried at 110 degrees Celcius. 

(*) Encountered some interference with crystal formation. 
n 

y % d) Interference - unable to conduct test due to sample matrix, i.e.. .crystal 
format ion. 
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ATTACHMENT E 

AIR SHIPMENT OF STABILIZED WASTE SAMPLES 



dbHALLIBURTON NUS .Ww Environmental Cotporation INTERNAL CORRESPONDENCE 

TO: TOM SNARE June 11, 1992 

FROM: DAVID YES80 

SUBJECT: AIR SHIPMENT OF RFP SAMPLES 

After again reviewing the data we have available on the materials 
we will be solidifying at the Rocky Flats Plant, I now believe that 
there are no regulatory issues that would prohibit the shipment of 
solidified waste samples by air. In your memo of April 9,1992 (C- 
49-04-92-71) you calculated the maximum concentrations of plutonium 
that would be expected in the various solidified wastes, and I 
understand from our conversation that a typical sample would be a 
small cylinder of solidified material weighing approximately 500 
grams. Using this weight and the maximum calculated concentration 
of the plutonium in the samples (2.87 nCi/g for the 207C/Clarifier 
solidified wastes), it can be calculated that each cylinder should 
have a maximum plutonium content of 1435 nCi. This is only 0.07 
percent of the 2E06 nCi(2 mCi) package limit for the shipment of 
plutonium by air, using a Type A container. Consequently, there 
would be no regulatory restriction to shipment of any. of the 
solidified waste samples. The Type A containers are not anything 
particularly unusual, are readily available commercially, and I 
would imagine that they are also used frequently at the RFP. Since 
I understand that there will only be about 16 samples that will 
need to be shipped to the HNUS Laboratory, obtaining enough 
containers should not be difficult for EGCG even if they shipped 
only one sample at a time. 

The RFP samples received at "US were designated by RFP as 
containing <2nCi/g or c260 nCi/g depending upon the source of the 
material. Since the RFP Traffic Department approved these 
shipments, it may be concluded that the data used to arrive at 
these activity concentrations were considered acceptable for 
shipping purposes. Consequently, it seems reasonable that the same 
data could be used to calculate the maximum concentration in the 
solidified wastes samples. Even if it were assumed that each 
sample were undiluted and contained 260 nCi/g of plutonium rather 
than the estimated 2.87 nCi/g, a 500 gram cylinder would contain 
only 130,000 nCi of plutonium or about 7 percent of the air 
shipment limit. 

I recommend that we propose to RFP that the maximum plutonium 
content in the solidified waste samples be estimated on the basis 
of the highest observed levels of plutonium in the pond and 
clarifier solids, and the known dilution caused by the addition of 
the cement and flyash, and the average weight of the samples 
prepared during the treatability studies. This data should then be 
presented to the RFP Traffic Department to demonstrate that the 
shipment of the samples in Type A containers is consistent with DOE 
and DOT transportation requirements. 



I have reviewed NRC, DOT, and DOE shipping requirements, and I am 
confident that there are no restrictions on shipping the material 
as I have outlined above. However, I do not have access to the RFP 
internal policies or procedures, so there still remains a 
possibility that there are some RFP-specific policies that would 
prohibit the shipment. In that case, the regulations themselves 
are of no consequence and the RFP requirements would take 
precedence. 



uaHALLIBURTON NUS 
w v  Environmental Coqoration 

TO: ARNIE ALLEN 

FROM: TOM SNARE 
'71, 

INTERNAL CORRESPONDENCE 

C-49-04-92-7 1 

DATE: APRIL 9, 1992 

cc: DISTRIBUTION 

SUBJECT: RADIOACTIVE NUCLEI LIMIT CALCULATIONS 
FOR AIR SHIPMENT OF SOLIDIFIED WASTE SAMPLES 
FROM ROCKY FLATS 

The attached calculations determine the feasibility of shipping 
solidified waste samples from EG&G ROCKY FLATS to the "US  
Laboratory in Pittsburgh for testing. These calculations cover 
Federal NRC/DOT air shipment limitations and do not include any 
EG&G or DOE specific restrictions which may be more restrictive. 
The applicable regulations in 10 CFR part 71 and 49 CFR part 173 
have been included. The anticipated laboratory testing requirement 
is 350g per sample, which is the approximate weight of one 2-inch 
diameter, 4-inch high cylinder. 

Although the calculations provide a general indication of 
compliance with the regulations, the actual material being shipped 
must be analyzed prior to shipment. The calculations indicate the 
following: 

1. 

1 

The solidified material from the 207A/B process can be shipped 
by air with no restrictions. 

The solidified material fromthe 207C/Clarifier process can be 
shipped by air as limited quantity radioactive material (if 
the mass is less than x A2) or in a Type A packa e with 
appropriate labelling (if the mass is greater than 10- x A2, 
but less than A2). Based on the attached calculations, an 
individual cylinder should be less than x A2. 

Figure 1-1 defines the identification, packaging, and shipping 
requirements for waste containing Plutonium. The logic diagram 
does not consider requirements for shipment of hazardous waste. 

I 
I 2. 

3 

I 
- 

/tis 

Distribution: 

Rich Ninesteel 
John Schmidt 
Ted Bittner 
Don Brenneman 
Dave Yesso 
Shaj Mathew 
File 2K68 
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HALLIB U RTON NUS Environmental STANDARD CALCULATION 
Comoration and Subsidiaries SHEET 



8 71.88 

' aged over the surface wiped. must not 
exceed the limits given in Table V of 
this part at any time during transport. 
Other methods of assessment of equal 
or greater efficiency may be used. 
When other methods are used. the de- 
tection efficiency of the method used 
must be taken into account and in no 
case may the non-fixed contamination 
on the external surfaces of the pack- 
age exceed ten times the limits listed 
in Table V. 

I 

f 

I 

TABLE V-REMOVABLE EXTERNAL RADIOACTIVE 
CONTAMINATION WIPE LIMITS 

Maximum j permiswble limits 

I $E! dpmlm' 
Contamnent 

! Betagamma emitting radlonuclides: all I 
radionuclides mlh halt4ives less 
than ten days: natural uraolwn: nab I 
ural thonum: uranium-235: uranium- ' 

238. thonum-232. thonum-228 and I 

rhor~um-230 when contatned m ores 1 

or pnysicar concentrates ......................... 10 * ' 22 

J 
I 
I 

All other aloha emitllng radmnuclides ... 10 *' I 2 2 

(2) In the case of packages trans- 
ported as exclusive use shipments by 
rail or highway only. the non-fixed ra- 
dioactive contamination at any time 
during transport must not exceed ten 
times the levels prescribed in para- 
graph (i)( l )  of this section. The levels 
at the beginning of transport must not 
exceed the levels prescribed in para- 
graph ( i ) ( l )  of this section: 

(j 1 External radiation levels around 
the package and around the vehicle. if 
applicable, will not exceed the limits 
specified in 3 71.47 at any time during 
transportation: and 
(k) Accessible package surface tem- 

peratures will not exceed the limits 
specified in 3 71.43(g) at any time 
during transportation. 
[48 FR 35607. Aug. 5. 1983: 4 8  F'R 38450. 
Aug. 24.19831 

§ 71.88 Air transport of plutonium. 
(a)  Notwithstanding the provisions 

of any general licenses and notwith- 
standing any exemptions stated direct- 
ly in this part or included indirectly by 
citation of 49 CFR Chapter 1, as may 
be applicable. the licensee shall assure 
that plutonium in any form. whether 

10 CFR Ch. I(1-1-90 Edition) 

for import. export. or domestic ship- 
ment. is not transported by air or de- 
livered to a carrier for air transport 
unless: 

(1) The plutonium is contained in a 
medical device designed for individual 
human application: or 

(2) The plutonium is contained in a 
material in which the specific activity 
is not greater than 0.002 microcuries 
per gram of material and in which the 
radioactivity is essentially uniformly 
distributed: or 

(3) The plutonium is shipped in a 
single package containing no more 
than an As quantity of plutonium in 
any isotope or form and is shipped in 
accordance with 3 71.5 of this part: or 

(4) The plutonium is shipped in a 
package specifically authorized for the 
shipment of plutonium by air in the 
Certificate of Compliance for that 
package issued by the Commission. 

(b) Nothing in paragraph (a) of this 
section is to be interpreted as remov- 
ing or diminishing the requirements of 
0 73.24 of this chapter. 

tc) There have been two orders 
issued by the NRC restricting the air 
shipment of plutonium in accordance 
with Pub. L. 94-79. The first order, 
issued on August 15, 1975 was super- 
seded by the second order dated Sep- 
tember 1, 1978, which has remained in 
effect since that time. As of the effec- 
tive date of this rule, the outstanding 
order dated September 1. 1978 is re- 
voked. 

0 71.89 Opening instructions. 
Prior to delivery of a package to a 

carrier for transport. the licensee shall 
ensure that any special instructions 
needed to safely open the package 
have been sent to or otherwise made 
available to the consignee for the con- . 
signee's use in accordance with 
Q 20.205 of this chapter. 

li 71.91 Records. 

(a) Each licensee shall maintain for . 
a period of three years after shipment 
a record of each shipment of licensed 
material not exempt under $71.10. 
showing, where applicable: 

(1) Identification of the packaging 
by model number: 
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Nuclear Regulatory Commission 

)1 

Part 71, App. A 

TABLE A-1 -A, AND At VALUES FOR f?ADlONUCLIOES-Continued 

(See footnotes at end of Table A-1) 
i 

Symbol of radionudide i and # A,(Ci) Specific 
number actlvity (ci/g) ...... ._______- + 

I I 

q4zrr ................................ i Praseodymrum (59) ........ : 
1 GPr ............................................................................. I 
lg iR ................................. Platinum (78) .................... I 

! 193m, ............................. j ........................................... : 
197m, . .  ............................. i ........................................... i 

1 97p, ............................................................................ I 
................................ ................. 238m i I Plutonium (94) 1 

240m ................................. I 239 p,, ........................................................................... : 
............................................ 

! 241m ................................, i ............................................ 

! 

242m ................................ 1 ...........................................I 
223R, .......... I ..................... I Radium (88) ..................... i 
224R. j I 
226h 1 I 
228b I 
81 Rb .................................. Rubidium (37') ................. i 

I I 

186Re ................................. Rhenium (75) .................. 
I 

1 8 7 R e  ............................................................................ 
188Re ............. . . . . . . . . . . . . . . . . . . . .  I ........................................... 1 

! (natural) ....................... : ............................................ 
1 03mRh ............................ 1 Rhodium (45) ..................! 

I I 105Rh ............................................................................ 
I 97R, .................................. Ruthenium (44) ............... G 

i 103, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
105R , ................................. ............................................. 
106Ru ................................. I ............................................ I 

35, .................................... 1 Sulphur (16) .................... j 
122sb ................................ 1 Antimony (51) .................. 
1 245b ................................ i ........................................... i 
46s, ................................... ! Scandium (21) ................ 1 
47,, ................................... ! ............................................ 
48s =............. .................................................................. I ! 
75,, .................................. : Selenium (34) .................. 

151 ............................... I ............................................ 
153,, I 
1 13 sn 1 .  j ................................ l Tin (50) ............................. 
1 19m,, ............................. 1 ........................................... 
125sn ................................ i ............................................ ! 85rns, ............................... ! Strontlum (38) .................. 
85,, ................................... i ........................................... i 
87ms, ............................... ! ........................................... 
895, ................................... j ............................................ 
9os, ............................................................................... . .  1 
91,, ................................... ; ........................................... ! 

229 

................................ ........................................... 

................................ ........................................... 

........................................................................... 
............................................................................. 86~b I 

87,b .............................................................................. 
.................................................................. ! Rb (natural) 

................................ ...................... I 222Rn Radon (86) 

........................................... 

1 

12!jSb ................................ i ........................................... 1 

I .. ................................... ...... ............... 
................................ ................ 

31, , 1 Silicon (14) j 
7 47,, Samarrum (62) ! 

I .......................................................................... 

! 

I 

10 ' 10 
300 20 
100 ' 100 
200 200 
300 
300 ' 

3 1  
2 
2 '  

1000 
3 ;  

50 I 
6 1  

10 1 

10 ' 

20 
20 
0.003 
0.002 
0.002 
0.1 
0.003 
0.2 
0.5 
0.05 
0.05 

30 ! 25 
30 1 30 

Unlimited. j Unlimited. 
Unlimited. ! Unlimited. 

100 I 20 
Unlimited. I Unlimited. 

10 
Unlimited. 

1000 
200 
10 
80 
30 
20 
10 

10 
Unlimited. 

1000 
25 
2 

80 
25 
20 

7 
1000 I 60 

30 I 30 
5 i  5 

40 I 25 
8 1  8 

200 I 20 
5 i  5 

40 I 40 
100 1 20 

Unlimrted. Unlrmited. 
1000 I 90 
300 I 20 
60 I 60 

100 100 
10 : 10 
80 , 80 
30 30 
50 I 50 

100 I 10 
10 : 0.4 
10 i 10 

i 
i 
I 
I 
I 
I 
I 

1 

I 
I 

1.2 x 104 
6.6 x l o 4  
2.3 x lo5  
2.0 x 10s 

8.8 x lo s  
1.7 x 10 

6.2 x 
2.3 x 10-1 
1.1 x 102 

1.2 x 107 

3.9 x 10-3 
5.0 x 104 
1.6 x 105 

1 .o 
2.3 x lo2  
8.2 x lo6  
8.1 x 104 

6.6 x 10-8 
1.8 x 7 0 - 8  

1.9 x 105 
3.8 x 10-8 
1.0 x 106 

2.4 x 10-8 
3.2 x 10' 
8.2 x los  
1.5 x 105 
5.5 x 10s  
3.2 x 104 
6.6 x lo6  
3.4 x 103 
4 . 3 ~  104 
3 . 9 ~ 1 0 ~  
1 . 8 ~ 1 0 '  
1.4 x 1 O3 
3 . 4 ~  10' 
8 . 2 ~ 1 0 ~  
1 . 5 ~ 1 0 ~  
1 . 4 ~ 1 0 '  
3.9 x 10' 

2.0x10-" 
2 . 6 ~  10 

1 . o ~  104 
4.4 x 103 
1.1 x 105 
3 . 2 ~  10' 
2 . 4 ~  104 
1 .2~107  
2.9~104 
1 . 5 ~ 1 0 ~  
3.6 x 1 Os 

4.4x1O5 , 
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 an^ tho& ring distri- 

ond Special Programs Administrotion, DOT 

bution Of t h o r i m  fsOtOpeS (eSSentiUY 
100 weight percent thorium-232). 

(q) “Natural uranium” means mmi- 
with the naturally muring distri- 

bution of uranium isotopes tapproxi- 
mafely 0.711 weight percent uranium- 
235 and the remainder essentially ura- 

( r “Non-f ixed radioactive contami- 
nation” means radioactive contamina- 
tion that can be readily removed from 
a surface by wiping with an absorbent 
material. Non-fixed (removable) radio- 
active contamination is not significant 
if it does not exceed the limits sped- 
fied in Q 173.443. 

(SI “Normal form radioactive materi- 
al” means radioactive material which 
has not been demonstrated to qualify 
8s “special form radioactive material.” 

(t) “Package” means, for radioactive 
materials, the packaging together with 
its radioactive contents as presented 
for transport. 

tu) “Packaging” means, for radioac- 
tive materials, the assembly of compo- 
nents necessary to ensure compliance 
with the packaging requirements of 
this subpart. It may consist of one or 
more receptacles, absorbent materials, 
spacing structures, thermal insulation, 
radiation shielding, and devices for 
cooling or absorbing mechanical 
shocks. The conveyance. tie-down 
system, and auxiliary equipment may 
sometimes be designated as part of the 
packaging. 

tv) “Radiation level” means the radi- 
ation dose-equivalent rate expressed in 
millirem per hour (mrem/h). Neutron 
flux densities may be converted into 
radiation levels according to Table 1: 

durn-238). 

TABLE 1-NEUTRON FLUX DENSITIES TO BE 
REGARDED AS EOUIVALENT TO A RADIATION 
LEVEL OF 1 MILLIREM PER HOUR (MREM/H)~ 

TABLE ~ ~ E U T R O N  FLUX DENSTIES To BE 
REGARDED AS EQCIIVALENT TO A RADIATION 
k V E l  OF 1 MIWREM PER HOUR (MREM/ 

(w) .“Radioactive article” means any 
manufactured instruments and arti- 
cles such as an instrument. clock, elec- 
tronic tube or apparatus, or similar in- 
stnunents and articles having radioac- 
tive material as a component part. 

(XI “Radioactive contents” means 
the radioactive material, together with 
any contaminated liquids or gases, 
within the package. 

( y) “Radioactive material” means 
any material having a specific activity 
greater than 0.002 microcuries per 
gram tuCi/g)tsee definition of “specif- 
ic activity”). 

(2) “Special form radioactive materi- 
al” means radioactive material which 
satisfies the following conditions: 

(1) It is either a single solid piece or 
is contained in a sealed capsule that 
can be opened only by destroying the 
capsule: 

(2) The piece or capsule has at least 
one dimension not less than 5 millime- 
ters (0.197 inch): and 

(3) It satisfies the test requirements 
of Q 173.469. Special form encapsula- 
tions designed in accordance with the 
requirements of 9 173.389W in effect 
on June 30, 1983, and constructed 
prior to July 1, 1985 may continue to 
be used. Special form encapsulations 
either designed or constructed after 
June 30, 1985 must meet the require- 
ments of this paragraph. 

taa) “Specific activity” of a radionu- 
clide, means the activity of the radio- 
nuclide per unit mass of that nuclide. 
The specific activity of a material in 
which the radionuclide Is essentially 
uniformly distributed is the activity 
per unit mass of the material. 

661 
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hapter, and which are not fissile 
meteri& and not in quantities exceed- 
ing A, shall be packed in suitable 
wide packagings of glass. metal or 
compatible plastic and .suitably cush- 
ioned with a material which will not 

with the contents. Inner packag- 
ing. and cushioning shall be enclosed 
within an  outside packaging of wood, 
metal, or Plastic. The package shall be 

of meeting the applicable test 
,,quirements of 0 173.465 without 
leakage of contents. For shipment by 
air, the maximum quantity in any 
package may not exceed 11.3 kilo- 
grams ( 25 pounds ). 

SUM 

fj 173.$20 Uranium hexafluoride (fissile 
and low specific activity). 

(a) In addition to any other applica- 
ble requirements of this subchapter, 
u d u m  hexafluoride. fissile or low 

activity, shall be packaged in 
conformance with the following re- 
quirements: . 

(1) Before initial filling and during 
periodic inspection and test, packag- 
figs shall be cleaned in accordance 
with American National Standard 
N14.1. 

(2) Packagings used for the transpor- 
tation of uranium hexafluoride on or 
before June 30, 1987 are authorized 
for continued use until further notice. 
Packagings manufactured after June 
30, 1987 shall be designed, fabricated. 
and marked in accordance with-, 

( i )  American National Standard 
N14.1; or 

(ii) Specifications for DOT Class 
106A multi-unit tank car tanks 
( 3 9  179.300. 179.301, and 179.302 of 
this subchapter). 

(3) Uranium hexafluoride must be in 
solid form when offered for transpor- 
tation: 

(4) The volume of the solid uranium 
hexafluoride at 70’ F must not exceed 
61% of the volumetric capacity of the 
packaging; and, 

(5) The pressure in the package at 
70’ F must be less than 14.8 psia. 

(b) Packagings of uranium hexa- 
fluoride must be periodically inspect- 
ed, tested and marked in accordance 
with American National Standard 
N14.1. 

(c) Each repair to a packaging for 
uranium hexaflouride shall be per- 

12aw& and. Special Programs Administration, DOT 

CrTt 

0 173.421-1 

formed in conformance with American 
National Standard N14.1. 
IAmdt. 173-198. 51 FR 41633. NOV. 18. 1986, 

Mar. 12, 1987: Amdt. 173-198. 52 FR 25341. 
July 6. 1987: Amdt. 173-206. 53 F’R 36551, 

as amended at Amdt. 173-199, 52 FR 7582. 

Sept. 20. 19881 
EFFECTIVE DATE NOTE: At 53 FR 36551. 

September 20. 1988. 3 173.420. the term 
“N14.1-1982” was changed to “N14.1” in 
paragraphs ta)(l). ta)(2)(i). (b). and tc). ef- 
fective April 1,1989. 

8 173.421 Limited quantities of  radioactive 
materials. 

Radioactive materials whose activity 
per package does not exceed the limits 
specified in 0 173.423 are excepted 
from the specification packaging, ship- 
ping paper and certification, marking, 
and labeling requirements of this sub- 
chapter and requirements of this sub- 
part if: 

(a) The materials are packaged in 
strong, tight packages that will not 
leak any of the radioactive materials 
during conditions normally incident to 
transportation: 
(b) The radiation level at any point 

on the external surface of the package 
does not exceed 0.5 millirem per hour: 

tc) The nonfixed (removable) radio- 
active surface contamination on the 
external surface of the package does 
not exceed the limits specified in 
H 173.443ta): 

(d) The outside of the inner packag- 
ing or if there is no inner packaging, 
the outside of the packaging itself 
bears the marking “Radioactive”; 

(e) Except as provided in 0 173.424, 
the package does not contain more 
than 15 grams of uranium-235: and 

(f) The material is otherwise pre- 
pared for shipment as specified in 
5 173.421-1. 
tAmdt. 173-162. 48 FFt 10226. Mar. 10. 1983. 
as amended by Amdt. 173-167. 48 FR 30137. 
June 30, 19831 

0 173.421-1 Additional requirements for 

(a) Excepted radioactive materials 
prepared for shipment under the pro- 
visions of 0 173.421, 0 173.422, 
3 173.424, or 9 173.427 must be certi- 
fied as being acceptable for transpor- 
tation by having a notice enclosed in 

excepted radioactive materials. 



3 173.421-2 

or on the package, included with the 
packing list. or otherwise forwarded 
with the package. This notice must in- 
clude the name of the  consignor or 
consignee and the statement “This 
package conforms to the conditions 
and limitations specified in 49 CFR 
173.421 for excepted radioactive mate- 
rial, limited quantity, n.os., UN2910: 
49 CFR 173.422 for excepted radioac- 
tive material, instruments and articles. 
UN2911: 49 CFR 173.424 for excepted 
radioactive material, articles msnufac- 
tured from natural or depleted urani- 
um or natural thorium. m2909:  or 49 
CFR 173.427 for excepted radioactive 
material, empty packages, UN2908”. as 
appropriate. 

(b) An excepted radioactive material 
classed radioactive material and pre- 
pared for shipment under the provi- 
sions of B 173.421, 0 173.422, 3 173.424. 
8 173.427 or 0 173.421-2 is not subject 
to the requirements of this subchap- 
ter, except for: 

(1 1 Sections 171.15. 171.16, 174.750. 
176.710 and 177.861 of this subchapter 
pertaining to the reporting of inci- 
dents and decontamination when 
transported by a mode other than 
or 

(2)  Sections 171.15. 171.16, 175.45, 
and 175.700(b) of this subchapter per- 
taining to the reporting of incidents 
and decontamination if transported by 
aircraft. After May 2, 1989. it is also 
necessary to comply with 80 173.448(f) 
and 175.700tc) of this subchapter. 
(Approved by the Office of Management 
and Budget under control number 2137- 
0039) 
CAmdt. 173-167. 48 FR 30137. June 30. 1983. 
as amended by Amdt. 173-187.50 FR 18667. 
May 2. 1985; Amdt. 173-196. 51 FR 5973. 
Feb. 18. 1986: Amdt. 173-202, 52 FR 15949. 
May 1. 1987; Amdt. 173-204. 52 FR 36672. 
Sept. 30,19871 

Q 173.421-2 Requirements for mmltiple 
hazard limited quantity radioactive 
materials. 

(a) Except as provided in paragraph 
(b) of this section or in Q 173.4 of this 
subchapter, when a limited quantity 
radioactive material meets the defini- 
tion of another hazard clrrss, it shall 
be: 

(1) Classed for the additional 
hazard: 

t (2) Psc-ed tO C O n f O m  with re. 
quirements specified in .S 173.421(a) 
through (e) or 0 173.422(a) through 
(g), 8s appropriate: and 

(3) Offered for transportation in w. 
cordance with requirements applicable 
to the hazard for which it is classed. 
(b) When a limited quantity rad io^. 

tive material meets the definition of 
an ORM-A, B. or C,  or is a combusti. 
ble liquid in a packaging having a 
rated capacity of 110 gallons or less, it 
shall be: 

(1) Classed radioactive material if: 
(i) The material is not s hazardous 

waste or hazardous substance: and 
(ii) The material is offered for trans. 

portation in a mode to which require. 
ments of this subchapter pertaining to 
the specific material and hazard class 
do not apply: 

ORM-A B. or C, as appropriate, if: 

* 

1 
(2) Classed combustible liquid or ! 
(i) The material is a hazardous waste 

or hazardous substance: or 
(ii) The material is offered for trans- 

portation in a mode to which require- 
ments of this subchapter pertaining to 
the specific material and hazard class 
do apply: 

(3) Packaged to conform with re- 
quirements specified in 93173.421ta) 
through (e) or 173.422ta) through (g), 
as appropriate: and 

(4) Offered for transportation in ac- 
cordance with requirements applicable 
to the hazard for which it is classed. 

tc) A limited quantity radioactive 
material which is classed other than 
radioactive material under provisions 
of paragraphs (a) or (b) of this section I 

is excepted from requirements of 
00 173.42l-lta1, 172.203(d). and il 

172.204(~)(4) of this subchapter if the 4 

entry “Limited quantity radioactive 
material” appeors on the shipping 
paper in association with the basic de- i 
scription. 

(d) After May 2, 1989, a limited 1 
quantity radioactive material classed 1 
other than radioactive material m a y  
not be offered for transportation 
aboard a passenger-carrying aircraft 
unless that material is intended for 
use in, or incident to. research, medi- 
cal diagnosis or treatment. 
CAmdt. 173-167.48 FR 30138. June 30. 1983, 
as amended b y  Amdt. 173-187. 50 FR 18668. 
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§ 173.422 Exceptions for instruments and 

Instruments and manufactured arti- 
cles (including Clocks, electronic tubes 
or.aPpamtUS) or similar devices having 
r&)aCtiVe materials in gaseous or 
non.dispersible solid form as a compo- 
nent part are excepted from the speci- 
fication packaging, shipping paper and 
certification,. marking and labeling re- 
quirements of this subchapter and re- 
quirements of this subpart, if: 

(a) The activity of the instrument or 
article does not exceed the relevant 
limit listed in Table 7 in Q 173.423; 

(b) The total activity per package 
does not exceed the relevant limit 
listed in Table 7 in Q 173.423: 

(c) The radiation level at 10 centime- 
ters (4 inches) from any point on the 
external Surface of any unpackaged in- 
strument or article does not exceed 10 
millirem per hour: 

(d) The radiation level at any point 
on the external surface of a package 

SrticleS. 

bearing the article or instrument does 
not exceed 0.5 millirem per hour. or, 
for exclusive use domestic shipments, 
2 millirem per hour: 

(e) The nonfixed (removable) radio- 
active surface contamination on the 
external surface of the package does 
not exceed the limits specified in 
Q 173.443ta): 

(f) Except as provided in § 173.424. 
the package does not contain more 
than 15 grams of uranium-235; and 

(g) [Reservedl 
(hi The instrument or article is oth- 

erwise prepared for shipment as speci- 
fied in Q 173.421-1. 

as amended by Amdt. 173-167. 48 mt 30138. 
June 30. 1983: Amdt. 173-162. 48 FR 31218. 

Nov. 1.19831 

Q 173.123 Table of activity limits-except- 

The limits applicable to instruments, 
articles, and limited quantities subject 
to exceptions under 8 8  173.421 and 
173.422 are shown in Table 7: 

[Amdt. 173-162. 48 FR 10226. Mar. 10, 1983. 

July 7. 1983: Amdt. 173-16. 48 FR 50460. 

ed quantities and articles. 

TABE 7-ACTIVITY LIMITS FOR LIMITED QUANTITIES, INSTRUMENTS, AND ARTICLES 

1 Matenals package Instruments and artICles 
Nature of contents limits I instrument and artICte limits I I Package limts I 

...................................................... AI i 
At ..................................................... 

.......................................................... 

.......................................................... 
10- 'Ai ............................................. 

2oocUneS ...................................... 
10-'Ai ............................................ 
10- 2Ar ......................................... 

lO-'A,. 
IO-*.. 

loo0 Cunes. 
loo Cunes. 
1 Cune. 
1 O-'A, 

20 curies. 
10-'Ai 
lO-'Az. 

IAmdt. 173-162, 48 FR 10226. Mar. 10, 1983, as amended at 48 FR 13432, Mar. 31. 1983; 48 
FR 31218. July 7.19831 

ZS 173.424 Excepted articles containing nat- 

Manufactured articles in which the 

paper and certification, marking and 
labeling requirements of this subchap- 
ter and requirements of this subpart ._ 

ural uranium or thorium. 

11: 
(a) The outer surface of the uranium 

Or thorium is enclosed in 813 insctive 
sheath made of metal or other durable 

sole radioactive material content is 
natural or depleted uranium or natu- 
ral thorium are excepted from the 
specification packaging, shipping protective material; 



8 173.462 49 CFR Ch. I (10-1-88 Edition) 

combination of these methods appro- 
priate for the particular feature being 
evaluated 
(1) B y  performance of tests with 

prototypes or samples of the packag- 
ing or special form material as normal- 
ly presented for transportation, in 
which case the contents of the packag- 
ing for the test shall simulate as close- 
ly as practicable the expected normal 
radioactive contents. The use of non- 
radioactive substitute contents is en- 
couraged provided that the results of 
the testing take into account the ra- 
dioactive characteristics of the con- 
tents.for which it is being tested: 

(2) B y  reference to a previous. satis- 
factory demonstration of compliance 
of a sufficiently similar nature: 

(3) B y  performance of tests with 
models of appropriate scale incorpo- 
rating those features that are signifi- 
cant with respect to the item under in- 
vestigation, when engineering experi- 
ence has shown results of those tests 
to be suitable for design purposes. 
When a scale model is used, the need 
for adjusting certain test parameters, 
such as the penetrator diameter or the 
compressive load, must be taken into 
account: or 
(4) B y  engineering evaluation or 

comparative data. 
(b) With respect to the initial condi- 

tions for the tests under $5 173.463 
through 173.469, except for the water 
immersion tests, compliance shall be 
based upon the assumption that the 
package is in equilibrium at an ambi- 
ent temperature of 38°C (100'F). 

as amended at 48 FR 31219, July 7.19831 
IAmdt. 173-162, 48 FR 10226. Mar. 10, 1983. 

0 173.362 Preparation of specimens for 

(a) Each specimen (Le., sample, pro- 
totype or scale model) shall be exam- 
ined before testing to identify and 
record faults or damage, including: 

( 1 1 Divergence from the specif ica- 
tions or drawings: 

(2)  Defects in construction: 
(3 1 Corrosion or other deterioration; 

and 
( 4 1 Distortion of features. 
(b) Any deviation found under para- 

graph (a) of this section from the 
specified design shall be corrected or 

testing. 

suitably taken into account in the sub- 
sequent evaluation. 

tc) The containment system of the 
packaging shall be clearly specified. 

(d) The external features of the 
specimen shall be clearly identified so 
that reference may be made to any 
part of it. 

1 
Q 173.163 Packaging and shielding-test- 

After e'ach of the applicable tests 
specified in $9 173.465 and 173.466, the 
integrity of the packaging, or of the 
packaging and its shielding, shall be 
retained to the extent required by 
5 173.412tm) for the packaging being 
tested. 

ing for integrity. 

Q 173.465 Type A packaging tests. 
(a) The proposed packaging with 

proposed contents must be capable of 
withstanding the tests prescribed in 
this section. One prototype may be 
used for all tests if the requirements 
of paragraph (b) of this section are 
compkied with. 

(b) Water spray test. The water 
spray test must precede each test or 
test sequence prescribed in this sec- 
tion. The water spray test shall simu- 
late exposure to rainfall of approxi- 
mately 5 centimeters (2  inches) per 
hour for at least one hour. The time 
interval between the end of the water 
spray test and the beginning of the 
next test shall be such that the water 
has soaked-in to the maximum extent 
without appreciable drying of the ex- 
terior of the specimen. In the absence 
of evidence to the contrary, this inter- 
val may be assumed to be two hours if  
the water spray is applied from four 
different directions simultaneously. 
However, no time interval may elapse 
if the water spray is applied from each 
of the four directions consecutively. 

tc) Free drop test. The free drop test 
consists of a fall onto the target in a 
manner that causes maximum damage 
to the safety features being tested, 
and: 
(1 1 For packages weighing 5,000 kilo- 

grams (11.000) pounds) or less. the dis- 
tance of the fall measured from the 
lowest point of the packaging to the 
upper surface of the target shall not 
be less than 1.2 meters (4 feet). 
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(2) For packages weighing more 
than 5,000 kilograms (11,000 pounds), 
the distance of the fall shall not be 
less than the distance specified in 
Table 11, for the applicable packaging 
weight: 
T A B E  1 1 -FREE-FALL DISTANCE FOR PACKAE 

INGS WEIGHING MORE THAN 5.000 KILO- 
GRAMS 

- _- 
Packrgmg w q h t  Free-fall clstance 

>lO.OOO to 15.000.. >22,OOO to 33.000..1 0.6 
Mom T- man 15.OOO ..... More than 33.OOO ..__. i I 0.3 

>5.000 to 10.000 .... > 11,000 to 22.000..1 

I --- - - -  I I 

(3) For Fissile Class I1 packagings, 
the free drop specified in subpara- 
graph (1) or (2) of this paragraph shall 
be preceded by a free drop from a 
height of .3 meter (1 foot) on each 
comer. For cylindrical packagings, the 
.3 meter (1 foot) drop shall be onto 
each of the quarters of each rim. 

(4) For fiberboard or wood rectangu- 
lar packages not exceeding 50 kilo- 
grams (110 pounds) in weight, a sepa- 
rate specimen of the proposed packag- 
ing shall be subjected to a free drop 
onto each corner from a height of .3 
meter (1 foot). 

(5) For fiberboard cylindrical pack- 
ages weighing not more than 100 kilo- 
grams (220 pounds) a separate speci- 
men of the proposed packaging shall 
be subjected to a free drop onto each 
of the quarters of each rim from a 
height of .3 meter (1 foot). 

( 6 )  The target shall have a flat, hori- 
zontal surface of such mass and rigidi- 
ty that any increase in its resistance to 
displacement or deformation upon 
impact by the specimen would not sig 
nificantly increase the damage to the 
specimen. 

(d) Compression test. The compres- 
sion test shall last for a period of at 
least 24 hours and consists of a com- 
pressive load equivalent to the greater 
If the following: 

(1)  Five times the weight of the 
actual package; or 

(2) 1300 kilograms per square meter 
(265 pounds per square foot) multi- 
Plied by the vertically projected area 
of the package. The compressive load 
shall be applied uniformly to two op- 

Rewarch and Special Programs Administration, DOT 

-a- 

9 173.466 

posite sides of the packaging speci- 
men. one of which must be the base on 
which the package would normally 
stand. 

(e) Penetration test. For the penetra- 
tion test the packaging specimen shall 
be placed on a rigid. flat, horizontal 
surface that will not move while the 
test is being performed. The test shall 
consist of: 

(1) A bar of 3.2 centimeters (1.25 
inches) in diameter with a hemispheri- 
cal end. weighing 6 kilograms (13.2 
pounds) being dropped with its longi- 
tudinal axis vertical. onto the center 
of the weakest part of the packaging 
specimen, so that, if it penetrates far 
enough, it will hit the containment 
system. The bar must not be deformed 
by the test: and 

(2) The distance of the fall of the 
bar measured from its lower end to 
the upper surface of the packaging 
specimen shall not be less than 1 
meter (3.3 feet). 
[Amdt. 173-162, 48 FR 10226. MU. 10. 1983. 
as amended at 48 FR 31219. July 7. 1983: 

Amdt. 173-196.51 FR 5973. Feb. 18.19861 
Amdt. 173-16. 48 FR 50461, NOV. 1. 1983; 

0 173.466 Additional tests for Type A 
packaginga designed for liquids and 
mues. 

(a) In addition to the tests pre- 
scribed in Q 173.465. Type A packag- 
ings designed for liquids and gases 
shall be capable of withstanding the 
following tests: 

(1) Free drop test. The packaging 
specimen shall fall onto the target in a 
manner which will cause it to suffer 
the maximum damage to its contain- 
ment. The distance of the fall meas- 
ured from the lowest part of the pack- 
aging specimen to the upper surface of 
the target shall be not less than 9 
meters (30 feet). 

(2) Penetration test. The specimen 
must be subjected to the test specified 
in Q 173.465(e) except that the dis- 
tance of the fall shall be 1.7 meters 
(5.5 feet). 
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452 Burbank Street 
Broomheld, CO 80020 

.IRD Halliburton NUS 
wv C O R P O R A T I O N  

(303) 466-3573 
September 9, 1993 FAX: (303) 469-6354 

Mr. Thomas d. Beckman 
Contract Technical Representative 
Solar Ponds Remediation Program 
EG&G Rocky Flats, Inc. 
Building 080 
P. 0. Box 464 
Golden, Colorado 80402-0464 

Subject: ROCKY FLATS PLANT SOLAR EVAPORATION PONDS STABILIZATION PROJECT 
[WBS 235 & 236 TREATABILITY STUDY REPORT AND PROCESS FORMULATION 

APPENDIX G 
RF-HED-93-0528 

REPORT, POND 207C & CLARIFIER - HALLIBURTON NUS ROCKY FLATS] 

Dear Mr. Beckman: 

Enclosed is APPENDIX G to REVISION 0 of the Treatability Study Report and 
Process Formulation Report for C Pond and Clarifier Waste. This appendix 
document8 the mathematical basis and derivation of the equations used in our 
density based control methodology. The equations in APPENDIX G supersede the 
equations in the main body of the Treatability Study Report. 

Please add this appendix to your six copies of the basic document. 
have any questions or comments, please advise. 

If you 

Sincerely, 

HALLIBURTON NUS CORPORATION 

&-w ep ty Project hmidt Manager 

- -  --- .__l_l_l__-__ _- I _ _ _  __-__ - . _---- - _ _  _" I I_ _I __ -__ _I_ _ _ _  

JAS/jg 

Enclosures: (APPENDIX G - TREATABILITY STUDY REPORT & PROCESS FORMULATION 
REPORT FOR C POND & CLARIFIER WASTE) 

CC: T. Bittner 
F. Lang 

A\LTR\BECKMANXJ 
RF-)(ED934528 

A Halliburton Company 



To: Ted Bittner 

From: Shaj Mathew 

Date: September 7, 1993 

DOC. NO.: RF-HEH-93-030 

Subject: APPENDIX G (REV. 0) OF TREATABILITY STUDY 

The 207CKlarifier Stabilization Process will be performed using a density based control 
methodology. Using this methodology, the specific gravity of the output product is controlled 
to a set-point which will be calculated based on the input slurry specific gravity and that of 
the pozzolan mix required to produce an output product at a pre-determined water to pozzolan 
ratio. 

Mathematical equations have been developed to simplify the calculation of the output slurry 
specific gravity set-point within the operating window defined by the treatability study. The 
error in these equations have been quantified as has been the capability of the Halliburton 
RCM Process control to maintain a product at a consistent specific gravity. The error 
analysis methodology was verified and approved by EG&G. 

This document includes the mathematical basis and derivation of the equations, quantification 
of the mathematical and process control errors and defines the allowable processing window. 

There are three major equations that are derived in thls document. Equations 1 and 2 
concern the processing of Pond 207C waste. Equation 1 calculates the output slurry specific 
gravity from the input slurry specific gravity using three variables. Equation 2 calculates the 
output slurry specific gravity from the input slurry specific gravity using two variables. 
Equation 3 calculates the output slurry specific gravity from the input slurry specific gravity 
for the mixed 207CIClarifier waste. 

This revision supercedes the draft form of this document which was published in March 1993. 
The revision includes the newly derived Equation 3 which was not part of the earlier 
document. In addition, the equations derived in Appendix G also supercedes the equations in 
the body of the Treatability Study Report. The new equations use a slightly different value 
for salt specific gravity and use polynomial regression to produce better fits. 
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Control of the 207CKlarifier Stabilization Process is effected using a density-based control 
system. This is based on controlling the density of the output product slurry to a value 
calculated using the density of the input waste slurry and the pozzolanic additives. Both the 
output and input waste slurry specific gravities are calculated from the specific gravities of 
their components. 

The equations which would convert the input slurry specific gravity to the output slurry 
specific gravity will be derived in the other sections of this appendix. The estimated 
mathematical error in these calculations is also quantified as part of this exercise. 

This section provides the variables and constants used for the calculations and sample 
calculations of input slurry specific gravity and output slurry specific gravity. 

Component sDecific gravity information 

The following specific gravity data wiii be used for the derivation of the equations: 
Apparent specific gravity of dissolved salt = 3.251 
Specific gravity of 
Specific gravity of a Variables used 

The variables used 

A = The water 

207C silt = 2.23 
Clarifier silt = 2.73 

in deriving the equations are as follows: 

to pozzolan ratio 
B = Specific gravity of pozzolans 
C = Specific gravity of input slurry 
D = Clarifier silt as a percentage of total silt. 

Sample algebraic calculation of inDut s lum sDecific gravity 

The input slurry consists of dissolved salt, silt, and water. The specific gravity of the input 
waste slurry will be made up of the specific gravities of its components. 

For instance, in a sample with the following mass fractions: 

Mass fraction of Salt = 20% 
Mass fraction of Silt = 10% 
Mass fraction of Water = 70% 

Specific gravity of Salt 
Specific gravity of Silt 

= 3.251 
= 2.23 
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For 100 gms of input slurry, 

Mass of Salt = 2Ogms 
Mass of Silt 
Mass of Water 

Volume of Salt 
Volume of Silt 
Volume of Water 

Total Mass 
Total Volume 

= l o p s  
= 70gms 

= 20 +- 3.251 = 6.1519mls 
= 10 + 2.23 = 4.4840mls 
= 70mls 

= l00gms 
= 6.1519 + 4.484 + 70 = 80.636mls 

Sp. gravity of input slurry = 100 -+ 80.636 = 1.2401SG Units 

Sample algebraic calculation of output slurry specific gravity 

For the example used in the previous section, 

Mass of input slurry = lOOgms 
Volume of input slurry = 80.636mls 
Mass of water = 70grns 

0 Using pozzolans with a specific gravity of 2.9 and with a water to pozzolan ratio of 0.42, 

Mass of pozzolans = 70 -+ 0.42 = 166.66gms 
Volume of pozzolans = 166.66 + 2.9 = 57.47mls 

Total mass of output slurry 
Total volume of output slurry 

= 100 + 166.66 = 266.66gms 
= 80.636 + 57.47 = 138.106mls 

Specific Gravity of output slurry = 266.66 + 138.106 = 1.93S.G. units 
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II DERIVATION OF EQUATION 1 

Purvose 

The purpose behind Equation 1 was to have one equation for Pond 207C waste processing, 
which could be used to calculate the output slurry specific gravity if the water to pozzolan 
ratio, the specific gravity of the pozzolans, and the input slurry specific gravity are known. 

Derivation 

The output slurry specific gravity and the input slurry specific gravity can be algebraically 
calculated as shown in Section I. This was performed for different scenarios of input slurry 
TDS and TSS. 

For a given water to pozzolan ratio and a given pozzolan specific gravity, the input slurry 
specific gravity and the output slurry specific gravity were calculated. The TDS was varied 
from 0 to 40% (in increments of 1%) and the TSS was varied from 0 to 15% (in increments 
of 2.5%). This produced 147 different cases for which the input slurry specific gravity and 
the output slurry specific gravity were calculated. 

A linear regression was performed on the resulting output slurry specific gravity versus the 
input slurry specific gravity. For each water to pozzolan ratio, this procedure was repeated 
for pozzolan specific gravities ranging from 2.6 to 3.4 in increments of 0.1. 

The input slurry specific gravity and output slurry specific gravity values along with the 
results of the linear regression for a water to pozzolan ratio of 0.34 is shown in Table G-1. 

Using the following symbols for the variables, 

A = W/P Ratio 
B = Specific Gravity of Pozzolans and 
C = Specific Gravity of Input Slurry, 

When Output Slurry Specific Gravity is plotted against Input Slurry Specific Gravity the data 
can be linearized to yield: 

where m is the slope of the line and c is the y-intercept for the data set. 
The linearization of the output slurry specific gravity versus the input slurry specific gravity 
was repeated for Pozzolan Specific Gravities (B) from 2.6 to 3.4 in increments of 0.1. The 
x-coefficients and y-intercepts of equation la, when plotted against the pozzolan specific 
gravity gave good straight line fits shown in Figs. G-1 and G-2. The lines shown in figures 
G-1 and G-2 also have x-coefficients and y-intercepts, thus 



FIGURE G-1 

m AT W/P=0.34 

n 

2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 
POZZOLAN SPECIFIC G2AVITY 

FIGURE G-2 

c AT W/P=0.34 
1.85 

1.8 

1.75 

& 1.7 
w 
0 
E 

1.65 z 
I 
> 

1.6 

1.55 

1.5 

............ 

/ 1 
1 

I 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 
POZZOLAN SPECFIC GRAVITY 



Appendix G 
Rev. 0 
September 7,1993 

For m vs 33, 
m=m‘mB+m’c 

where m’m and m‘c are the slope and intercept of the line, respectively. 

For c vs 33, 

c =c‘mB +c ‘c 

where c‘m and c’c are the slope and intercept of the line respectively. 

When l b  and IC are incorporated into Equation la, 

SG,, =(m ‘rnB+rn ’c>C +c ‘mB +c ‘c 

The entire procedure was repeated for W/P Ratios (A) ranging from 0.34 to 0.50 in 
increments of 0.02. 

The results are shown in Tables G-1 to G-9 and Figs. G-3 to G-6. 

When m‘m, m’c, c’m, and c’c are plotted against the W/P ratios, the data can be represented 
best in the form of four equations - three linear and one trinomial: 

m lm =O. 107439824 -0.084269 

m ‘c =0.35896237A +0,3 171908 1 (19 

c’m = -0.65494A +OS94529 (1g) 

~‘~=0.169365 +2.2388&4 -4.03501A2+2.348958A3 (1h) 

These are shown in Table G-10 and the fitted lines can be seen in Figs. G-7 to G-10. 

Substituting le, If, lg, and l h  in Id, 

SG,,,=O. 1O743982clBC-0.084269BC +0,35896237AC 

+0.169365 +2.2388&J.-4.O350U 2+2.234895&1 
+0.31719081 C-O.65494AB+0.594529B (1) 
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This equation allows the calculation of the output slurry specific gravity if the input slurry 
specific gravity, pozzolan specific gravity and the water to pozzolan ratio are known for Pond 
207C waste processing. 
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TABLE G-10 
s-- < 

WIP m'rn m'c c'rn c'c 
0.34 
0.36 
0.38 
0.4 
0.42 
0.44 
0.46 
0.48 
0.5 

-0.048241 9 0.43841 894 
-0.04571 5 0.446264 
-0.0432957 0.45387039 
-0.040986 0.461 264 

-0.0387863 0.46846476 
-0.036695 0.475489 

-0.0347097 0.4823501 9 
-0.032827 0.489857 

-0.031 041 7 0.49561 675 

0.3761 7744 0.556446 
0.359653 0.562042 

0.344271 85 0.566388 
0.329931 0.569639 

0.31 653964 0.571 931 
0.30401 5 0.573381 

0.29228487 0.574093 
0.281 282 0.5741 59 

0.27094733 0.57366 

-_ ~ 

m'rn Regression Output: c'm Regression Output: 
Constant -0,084269 Constant 0.594529 
Std Err of Y Est 0.00035457 Std Err of Y Est 0.00291 9 
R Squared 0.9968335 R Squared 0.994242 
No. of Observations 9 No. of Observations 9 
Degrees of Freedom 

X Coefficient(s) 0.1 0743982 

7 Degrees of Freedom 7 

X Coefficient(s) -0.65494 
Std Err of Coef. 0.00228873 Std Err of Coef. 0.01 8839 

m'c Regression Output: c'c Polynomial Regression Output: 
0.31 71 9081 Constant 0.1 69365 

Std Err of Y Est 0.00061 424 1 Degree Coefficient 2.23888 

No. of Observations 9 3 Degree Coefficient 2.348958 

Coefficient of Deteremination 0.999993 

0.9991 4671 2 Degree Coefficient -4.03501 

Degrees of Freedom 7 

0.35896237 
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III DERIVATION OF EQUATION 2 e 
Pumose 

Equation 1 allows us to calculate the output slurry specific gravity from the input slurry 
specific gravity for a range of W/P ratios for Pond 207C waste processing. In reality, the 
process will be controlled at a W/P ratio of 0.42. A simpler (Equation 2) was derived for 
this condition, 

Derivation 

Using the following symbols for variables, 

B = Specific gravity of Pozzolans and 
C = Specific gravity of Input Slurry. 

When output slurry specific gravity is plotted against input slurry specific gravity and the data 
is linearized, for a pozzolan specific gravity of 2.6 and a W/P ratio of 0.42, 

SGO,=O.3671524C + 1.3903912 (2a) 

This was repeated for pozzolan specific gravities from 2.6 to 3.4. The x-coefficients and y- 
o 

intercepts from these regressions are listed in Table G-11. 

In the process of determining the best fit for this data set, it was determined that binomial fits 
worked better than linear fits. Both are shown in Table G-11. The fitted lines are shown in 
Figs. G-11 & G-12. 

For m vs B,  

m =0.429 1364 -0.01237 18B -0.OO440248 

For c vs B,  

c=O. 147656+0.6015001B-0.0474934B2 

Substituting (2b) and (2c) into (2a), 
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(2) SG0,=0.4291364C -0.0123718BC-0.004024B2C 
+0.147656+0.6015B-0.0474934B2 

I’ 

This equation allows the calculation of the output slurry specific gravity knowing only the 
input slurry specific gravity and the pozzolan specific gravity for Pond 207C waste 
processing. 



TABLE G-11 

SPECIFIC 
GRAVITY 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 

ICIENT 
m 

0.3671 524 
0.3636704 
0.3600330 
0.3562670 
0.3523960 
0.3484403 
0.3444177 
0.3403439 
0.3362323 

CEPT 
C 

1.390391 2 
1.4255362 
1.45961 00 
1.4926555 
1.5247138 
1.5558243 
1.5860250 
1.61 5351 8 
1.6438393 

LINEAR REGRESSION OF X COEFFICIENT vS POU.  SG POLY. REGRESSION OF X COEFFICIENT vS POU. 

P 
Regression Output: Regression Output: 

0.468465 Constant 0.4291364 
0.000296 1 Degree Coefficient -0.012371 8 
0.999323 2 Degree Coefficient -0.0044024 

of Observations 9 
ees of Freedom 7 Coefficient of Determination 0.9999834 

Coefficient of Correlation 0.999991 7 
-0.038786 Std Err of Estimate 4.99962E-05 
0.000382 

INEAR REGRESSION OF Y INTERCEPT vS POZZ. SG POLY. REGRESSION OF Y COEFFICIENT vS PO=. 

Regression Output: Regression Output: 
0.571931 
0.003152 Constant 0.1 476560 
0.998845 1 Degree Coefficient 0.601 5001 

. of Observations 9 2 Degree Coefficient -0.0474934 

0.9999991 
0.31 6540 Coefficient of Correlation 0.9999995 

Degrees of Freedom 7 
Coefficient of Determination 
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IV ERROR IN EQUATION 1 a 
The Halliburton RCM controls the specific gravity of the mix fairly close to the set point, 
Published literature by Halliburton put the value at f 0.15lbdgal. (approximately fO.O1 SG 
Units) * 

To study this, a sample run using a 8bbl. RCM and a 3" densometer was examined. Fig. G- 
13 shows the results with a lead density set point of 12.5 lbs/gal and a tail density set-point of 
16.4 lbs/gal. In both cases, all the deviations were within fO. llbs/gal. 

Thus the value of the process control error was chosen to be kO.01 SG units which in 
addition to being the value published by Halliburton Services is 50% more conservative than 
that seen in the example described above which closely resembles the control scenario during 
processing. 

Since Equation 1 is designed to be applicable to a wide range of processing scenarios, it 
cannot be expected to perfectly fit each of them. Therefore, it is necessary to define the 
error in the fit across the broad spectrum of processing scenarios. 

To estimate the error of the math in Equation 1, the equation was tested for the entire range 
of input slurry specific gravity scenarios arising from different TDS and TSS combinations. 
The comparison was performed between the algebraic output slurry specific gravity and the 
output slurry specific gravity calculated by Equation 1 for each of these situations. The TDS 
was varied from 0 to 40% in increments of 1% and the TSS was varied from 0 to 15% in 
increments of 1 %. This produced 656 different input waste scenarios. 

The difference between the algebraic output slurry specific gravity and the Equation 1 output 
slurry specific gravity was calculated €or each of the 656 situations. The results are shown in 
Table G-12. Fig. G-14 shows the weighted moving average of the output slurry specific 
gravities as a function of input slurry specific gravity. 

When a frequency distribution of the deviations were performed, it could be seen that 100% 
of the deviations fell within 0.018 SG units of the algebraic output slurry specific gravity. 
This is graphically shown in Fig. G-15. However, the average deviation is within 0.006 SG 
units of the algebraic output slurry specific gravity. 

Thus, undqr worst case conditions, the net cumulative error in the control of the output 
specific gravity would be k0.028 SG units if Equation 1 is used in its computation. 
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FIGURE G-14 
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TABLE G-12 

23 

24 

25 

26 

27 

DEVIATIONS BETWEEN ALGEBRAIC AND EQUATION 1 

0 23.00 0 1.1 89 1.924 1.91 1 0.01 2 

0 24.00 0 1.199 1.927 1.91 5 0.01 2 

0 25.00 0 1.209 1.931 1.919 0.01 2 

0 26.00 0 1.220 1.935 1.922 0.013 

0 ,  27.00 0 1.230 1.939 1.926 0.013 

I~SPECIFIC GRAVITY OF POZZOLANS 2.900 11 

28 

29 

30 

31 

SPECIFIC GRAVITY OF SALT 3.251 

SPECIFIC GRAVITY OF SlLT 2.23 

WIP RATIO 0.42 

-~ ~ - -  ~- 

0 28.00 0 1240 1943 1930 0 013 

0 29 00 0 1251 1947 1933 0 013 

0 30 00 0 1 262 1951 1 937 0 013 

0 31 00 0 1 273 1955 1941 0 014 

INPUT ALGEBRAIC DEVIATION 1 SP. GR. I 

0 33.00 

0 34.00 

II 0 I 0 I 0.00 I 0 I 1.000 I 1.857 I 1.844 1 0.012 

0 1.296 1.964 1 949 0.014 

0 1.308 1.968 1.953 0.015 

~~ ~~ 

0 I 1.007 I 1.859 I 1.847 1 0.012 

2 0 2.00 0 1.014 1.861 1.849 0.01 2 

3 0 3.00 0 1.021 1.864 1.852 0.01 2 

4 0 4.00 0 1.028 1.866 1.854 0.01 2 

5 0 5 00 0 1036 1 869 1857 0.01 2 

6 0 6 00 0 1 043 1 872 1 860 0 012 

7 0 7.00 0 1051 1 874 1 862 0 012 
- 

11 32 1 0 1 32.00 I 0 I 1.285 1 1.959 1 1 945 I 0.014 

11 35 I 0 I 35.00 I 0 I 1.320 I 1.973 I 1.958 1 0.015 



/ /  TDS 1 TSS I SALT 1 SILT 1 INPUT 1 ALGEBRAIC 1 EQ 1 I DEVIATION 

11 

12 

13 

14 

% % % % SP. GR. OUTPUT SG OUTPUT SG 

36 0 36.00 0 1.332 1.978 1.962 0.01 6 
1 I 

- -  

1 10.89 1 I 088 1 886 1 876 0.01 1 

1 11.88 1 1 096 1 889 1 878 0.01 1 

1 12.87 1 1.105 1 892 1 881 0.01 1 

1 13.86 1 1113 I 895 1 884 0.01 1 

37 I 0 1  37.00 0 1.344 1.982 1.966 0.01 6 / /  38 I 0 38.00 1 0 I .357 1.987 1.971 0.01 7 

1 

1 

39 0 39.00 0 1370 1 993 1975 0 017 

40 0 40 00 0 1383 1998 1980 0 018 

0 1 0 00 1 1 006 1858 1 846 0 011 

1 1 0 99 1 1013 1 860 1 849 0011 

14.85 1 1 . I  22 1.898 1.887 0.01 1 

15.84 I 1.130 1.901 1.890 0.01 1 

~ p p -  

I I 1.020 1 1.862 1 1.851 1 0.011 

17 

18 

19 

3 1 2.97 1 1.027 1.865 1.854 0.01 1 

4 1 3.96 1 1.034 1.867 1 856 0.01 1 

5 1 4.95 1 1041 1 870 1 859 0.01 1 

1 16.83 1 1.139 1.904 1.894 0.01 1 

1 17.82 1 1.148 1.907 1.897 0.01 1 

1 18.81 1 1.157 1.911 I .goo 0.01 1 

1 I 1 0 4 9  -1 1872 1 1 862 1 0.01 1 

20 

21 

22 

23 

7 1 6.93 1 1.057 1.875 1.864 0.01 1 

8 1 7.92 1 1.064 1.878 1.867 0.01 1 

9 1 8.91 1 1.072 1.880 1.870 0.01 1 

- 

1 19.80 1 1.166 1914 1.903 0.01 1 

1 20.79 I 1.176 1.917 1.907 0.01 I 

I 21.78 1 1.185 1.921 1.910 0.01 1 

1 22.77 I 1.195 1.925 1.913 0.01 1 

I I  10 I 1 I 9 90  I 1 I 1080 I 1883 I 1873 1 p O O 1 l  

11 24 I 1 I 23.76 I 1 I 1205 I 1928-- I-p 1917 0.01 1 

25 

26 

27 

28 

29 

1 24.75 1 1.215 1.932 1.921 0.01 1 

1 25.74 1 1.225 1.936 1.924 0.012 

1 26.73 1 1.235 1.940 1.928 0.01 2 

1 27.72 1 1.246 1.944 I .932 0.01 2 

1 28.71 1 1.257 1.948 1.935 0.01 2 

1 
p~ ~~ 

30 1 29.70 1 1.268 1.952 1.939 0.012 

31 1 30.69 1 1.279 1.956 1.943 0.013 

33 1 32.67 1 1.302 1.965 1.951 0.013 

34 1 33.66 1 1.313 1.969 1955 0.014 - 
35 

36 

37 

11 32 I 1 I 31.68 1 1 I 1.290 I 1.960 I 1.947 I 0.013 

1 34.65 1 1.325 1.974 1.960 0.014 

1 35.64 1 1.337 1.979 1.964 0.015 

1 36.63 1 1.350 1.983 1.968 0.01 5 



11 TDS I T S S  I SALT 1 SILT I INPUT 1 ALGEBRAIC I EO1 I DEVIATION 

% % % % 

38 1 37.62 1 

SP. GR. OUTPUT SG OUTPUT SG 

1.362 1.988 1.973 0.01 6 

1 I 1.375 I 1.993 I 1.977 1 0.016 

0 

1 

2 

11 40 I 1 I 39.60 - I 1 I -1 388 1 1.999 I 1 982 I 0.017 

2 0.00 2 1.01 1 1.858 1.848 0.01 0 

2 0.98 2 1.018 1.861 1.851 0.01 0 

2 1.96 2 1.025 1.863 1.853 0.01 0 

3 

4 

5 

2 2.94 2 1.032 1.866 1.856 0.01 0 

2 3.92 2 1.040 1.868 1.858 0.01 0 

2 4.90 2 1.047 1.871 1.861 0.01 0 

/ I  6 I 2 I 5.88 ~ I 2 I -1 055 I 1.873 I 1 864 I 0.010 

7 

8 

9 

10 

2 6.86 2 1.062 1.876 1.866 0.010 

2 7.84 2 1.070 1.879 1.869 0.01 0 

2 8.82 2 1.078 1.881 1.872 0.01 0 

2 9.80 2 1.086 1.884 1.875 0.01 0 

11 1 1  I 2 I 10.78 I 2 I 1.094 1 1.887 I 1.878 I 0.009 

1 12 2 11.76 2 1.102 1.890 1.880 0.009 

13 2 12.74 I 2 1.110 1.893 1.883 I 0.009 

11 1 4 1 -  2 I 13.72- 1 2 1 -1 119- I 1896 1 1886 I 0.009 

15 

16 

17 

18 

2 14.70 2 1.127 1.899 1.889 0.009 

2 15.68 2 1.136 1.902 1.893 0.009 

2 16.66 2 1.145 1.905 1.896 0.01 0 

2 17.64 2 1.154 1.908 1.899 0.01 0 

11 1 9 7  2 1 18.62- 1 2 I -1 163 1 1912 I 1902 I 0010 

I 
11 20 I 2 1 19.60 I 2 I 1.172 I 1.915 I 1.905 I 0.010 

21 2 20.58 2 1.181 1.918 1.909 0.01 0 

22 I 2 21.56 2 1.191 1.922 1.912 0.01 0 

26 

27 

28 

29 

11 23 I 2 I 22.54- I 2 I 1.201 I 1.925 I 1.915 I 0.010 

2 25.48 2 1.231 1.937 1.926 0.01 1 

2 26.46 2 1.241 1.940 1.930 0.01 1 

2 27.44 2 1.252 1.944 1.934 0.01 1 

2 28.42 2 1.262 1.948 1.937 0.01 1 

11 24 I 2 I 23.52 I 2 I 1.210 I 1.929 I 1.919 I 0.010 

31 

32 

33 

11 25 I 2 1 24.50 I 2 I 1.221 I 1.933 I 1.923 I 0.010 

2 30.38 2 1.284 1.957 1.945 0.01 2 

2 31.36 2 1.296 1.961 1.949 0.012 

2 32.34 2 1.307 1.966 1.953 0.012 

2 

11 30 I 2 I 29.40 I 2 I 1.273 I 1.953 I 1.941 I 0.011 

34.30 2 1.331 1.975 1.962 0.01 3 

36 

37 

38 

39 

2 1 33.32- I 2 I -1.319 1 1970 I 1.957 I 0.013 

2 35.28 2 1.343 1.979 1.966 0.014 

2 36.26 2 1.355 1.984 1.970 0.014 

2 37.24 2 1.368 1.989 1.975 0.015 

2 38.22 2 1.381 1 994 1.979 0.01 5 



% % % % SP. GR. OUTPUT SG OUTPUT SG 

40 2 39.20 2 1.394 1.999 1.984 0.01 6 
I I 

2 

3 

4 

0 3 0.00 3 1.017 I 1.859 1.850 0.009 I I 
3 0.97 3 I 1.024 1.862 1.853 0.009 1 
3 1.94 3 1.031 1.864 1.855 0.009 

3 2.91 3 1.038 1.867 1.858 0.009 

3 3.88 3 1.045 1.869 1.860 0.009 

- 

7 

8 

9 

10 

11 6 1 3 I 5.82 I 3 I 1.060 1 1.874 1 1.866 I 0.009 11 
- -  

3 6.79 3 1.068 1.877 1.868 0.009 

3 7.76 3 1.076 1.880 1.871 0.009 

3 8.73 3 1.083 1.882 1.874 0.008 

3 9.70 3 1.091 1 885 1.877 0.008 

11 

12 

13 

3 10.67 3 1.099 1.888 1.880 0.008 

3 11.64 3 1.108 1.891 1.882 0.008 

3 12.61 3 1.116 1.894 1.885 0.008 

11 14 I 3 I 13.58 I 3 I 1124 1 1897 1 ~ 1888 I 0.008 11 

16 

17 

18 

11 15 1 3 I 14.55 I 3 I 1133 I 1.900 1 1.891 1 0.008 11 
3 15.52 3 1.142 1.903 1.895 0.008 

3 16.49 3 1.150 1.906 1.898 0.008 

3 17.46 3 1.159 1.909 1 .go1 0.009 

.i: 3 18.43 3 1.168 1.913 I .904 0.009 

3 19.40 3 1.178 1.916 1.907 0.009 1% 3 20.37 3 1.187 1.919 1.911 0.009 

11 23 I 3 I 22.31 1 3 I 1 206 1 1 926 1 1.917 I 0.009 11 
24 

25 

26 

27 

3 23.28 3 1.21 6 1.930 1.921 0.009 

3 24.25 3 1.226 1.934 1.925 0.009 

3 25.22 3 1.236 1.938 1.928 0.009 

3 26.19 3 1.247 1.941 1.932 0.010 

11 28 1 3 I 27.16 I 3 I 1.257 I 1.945 1 1.936 I 0.010 11 

34 

35 

S6 

11 30 I 3 1 29.10 I 3 I 1.279 I 1.954 I 1.943 I 0.010 11 

3 32.98 3 1.324 1.971 1.959 0.01 2 

3 33.95 3 1.336 1.976 1964 0.01 2 

3 34.92 3 1.348 1.980 1.968 0.01 3 

31 3 30.07 3 1,290 1.958 1.947 0.01 1 1 32 3 31.04 3 1.301 1.962 1.951 0.01 1 

1 ~ -3589 I 3 1 1361 I 1985 1 1972 I 0.013 11 
11 3 8  I 3 I 36.86 I 3 1 1.373 I 1.990 I 1.977 I 0.013 1) 

39 3 37.83 3 1.386 1.995 1.981 0.014 

40 3 38.80 3 1.399 2.000 1.986 0.01 5 
I I I I I 

4 1 1.023 I 1.860 I 1.852 I 0.008 11 II O I I O.OO I 



TDS  

% 

1 

2 

3 

4 

T S S  SALT SILT INPUT ALGEBRAIC EO 1 DEVIATION 

% % % SP. GR. OUTPUT S G  OUTPUT S G  

4 0.96 4 1.030 1.863 1.855 0.008 

4 1.92 4 1.037 1.865 1.857 0.008 

4 2.88 4 1.044 1.868 1.860 0.008 

4 3.84 4 1.051 1.870 1.862 0.008 

5 

6 

7 

8 

9 

~ -~ 

4 4.80 4 1 059 1 873 1 865 0.008 

4 5.76 4 1.066 1 .a75 1.868 0.008 

4 6.72 4 1.074 1.878 1.870 0.008 

4 7.68 4 1.081 1.881 1 .873 0.007 

4 8.64 4 1.089 1 .883 1.876 0.007 

10 

11 

12 

13 

1) 31 I 4 1 29.76 I 4 I 1.296 I 1959 -1- 1.949 1 0.01 0 

4 9.60 4 1.097 1.886 1.879 0.007 

4 10.56 4 1.105 1.889 1.882 0.007 

4 11.52 4 1113  1.892 1.885 0.007 

4 12.48 4 1.122 1.895 1.887 0.007 

11 32 1 4 1 30.72 I 4 I 1.307 I 1.963 I 1.953 ~ I ~ 0.010 

14 

15 

16 

17 

~~ 

11 33 I 4 I 31.68 1 4 1 1318  I 1967  I 1 9 5 7  1- 0.010 

~ 

4 13 44 4 1130  1 898 1 890 0 007 

4 14 40 4 1139 1901  1 893 0 007 

4 15 36 4 1147  1904  1 897 0 007 

4 1632  4 1156  1907  1900  0 007 

28 

29 

30 

4 26.88 4 1.263 1.946 1.938 0.009 

4 27.84 4 1.274 1.950 1.941 0.009 

4 28.80 4 1.284 1.955 1.945 0.009 

34 

35 

36 

4 32.64 4 1.330 1.972 1.961 0.01 1 

4 , 33.60 4 1.342 1.977 1.965 0.01 1 

4 34.56 4 1.354 1.981 1.970 0.01 1 

38 

39 

40 

0 

1 

2 

4 36.48 4 1.379 1.991 1.979 0.01 2 

4 37.44 4 1.391 1.996 1.983 0.013 

4 38.40 4 1.404 2.001 1.988 0.01 4 

5 0.00 5 1.028 1.861 1.854 0.007 

5 0.95 5 1.035 1.864 1.857 0.007 

5 1.90 5 1.042 1.866 1.859 0.007 



TDS 

% 

3 

4 

TSS SALT SILT INPUT ALGEBRAIC E a  1 DEVlATlON 

% % % SP. GR. OUTPUT SG OUTPUT SG 

5 2.85 5 1.050 1.869 1.862 0.007 

5 3.80 5 1.057 1.871 1.865 0.007 

ir; I I 7.60 -i-- --I I 882 I 1.875 I 0.006 

5 

6 

7 

- - ~ ~  

5 4.75 5 1.064 1.874 1.867 0.007 

5 5.70 5 1.072 1.876 1.870 0.007 

5 6.65 5 1.079 1.879 1.873 0.006 

11 13 I 5 12.35 5 ~- 1- 1 128 I 1 896 I 1.890 I 0.006 

9 

10 

11 

12 

5 8.55 5 1.095 1.884 1.878 0.006 

5 9.50 5 1.103 1.887 1.881 0.006 

5 10.45 5 1.111 1.890 1.884 0.006 

5 11.40 5 1.119 1 .a93 1.887 0.006 

14 

15 

16 

5 13.30 5 1.136 1.899 1.893 0.006 

5 14.25 5 1.144 1.902 1.896 0.006 

5 15.20 5 1.153 1.905 1.899 0.006 

11 26 I 5 I 24.70 1 5 I 1.248 I 1.940 1 1.932 I 0.007 

17 

18 

19 

20 

5 16.15 5 1.162 1.908 1.902 0.006 

5 17.10 5 1.171 1.91 1 1.905 0.006 

5 18.05 5 1.180 1.915 1.908 0.006 

5 19.00 5 1.189 1.91 8 1.911 0.007 

11 30 I 5 7 28.50 I-- 5 I 1290 I 1955 I 1947 I 0008 

22 

23 

24 

25 

5 20.90 5 1.200 1.925 1.918 0.007 

5 21.85 5 1.218 1.928 1.922 0.007 

5 22.80 5 1.228 1.932 1.925 0.007 

5 23.75 5 1.238 1.936 1.929 0.007 

27 

28 

29 

5 25.65 5 1.258 1.943 1.936 0.008 

5 26.60 5 1.269 1.947 1.940 0.008 

5 27.55 5 1.279 1.951 1.943 0.008 

31 

32 

33 

34 

35 

5 29.45 5 1.301 1.960 1.951 0.009 

5 30.40 5 1.312 1.964 1.955 0.009 

5 31.35 5 1.324 1.968 1.959 0.009 

5 32.30 5 1.336 1.973 1.963 0.01 0 

5 33.25 5 1.347 1.977 1.967 0.01 0 

37 

38 

39 

5 35.1 5 5 1.372 1.987 1.976 0.01 1 

5 36.10 5 1.384 I .992 1.981 0.01 1 

5 37.05 5 1.397 1.997 1.985 0.012 
- 

40 

0 

1 

5 38 00 5 1410 2 002 1990 0 013 

6 0 00 6 1 034 1 862 1856 0 006 

6 0 94 6 1041 1 865 1 859 0 006 

6 1 048 

6 2 82 6 1056 

6 3 76 6 1 063 

- 1 867 I 861 0 006 

1 870 1 864 0 006 

1 872 1 867 0 006 

---- 



TDS 

% 

5 

6 

TSS SALT SILT INPUT ALGEBRAIC EO 1 DEVIATION 

% % % SP. GR. OUTPUT SG OUTPUT SG 

6 4.70 6 1.070 1.875 1.869 0.005 

6 5.64 6 1.078 1.877 1.872 0.005 

11 10 1 6 1 9.40 I 6 I 1.109 I 1.888 I 1.883 I 0.005 

7 

8 

9 

6 6.58 6 1.085 1.880 1.875 0.005 

6 7.52 6 1.093 1.883 1.877 0.005 

6 8.46 6 1.101 1.865 1.880 0.005 

11 15 I 6 I 14.10 I 6 I 1.150 I 1.903 I 1.898 I 0.005 

11 

12 

13 

14 

6 10.34 6 1.117 1.891 1.886 0.005 

6 11.28 6 1.125 1.894 1.689 0.005 

6 12.22 6 1.133 1.897 1.892 0.005 

6 13.16 6 1.142 1.900 1.895 0.005 

IF 19 1 6 1 17.86 1 6 I 1186 I 1916 I 1910 I 0005 

16 

17 

18 

6 15.04 6 1.159 1.906 1.901 0.005 

6 15.98 6 1 . I  68 1.909 1.904 0.005 

6 16.92 6 1.177 1.912 1.907 0.005 

11- 23 1 6 I 21.62 I 6 I 1.224 I 1.929 I 1.924 1 0.006 

20 

21 

22 

6 18.80 6 1.195 1.919 1.914 0.005 

6 19.74 6 1.204 1.922 1.917 0.006 

6 20.68 6 1.214 1.926 1.920 0.006 

11 28 I 6 I 26.32 I 6 1 1.274 I 1.948 I 1.942 I 0.007 

24 

25 

26 

27 

6 22.56 6 1.234 1.933 1.927 0.006 

6 23.50 6 1.243 1.937 1.931 0.006 

6 24.44 6 I .254 1.941 I .934 0.006 

6 25.38 6 1.264 1.944 1.938 0.007 

29 

30 

31 

6 27.26 6 1.285 1.952 1.945 0.007 

6 28.20 6 1.296 1.956 1.949 0.007 

6 29.14 6 1.307 1.961 1.953 0.008 

33 

34 

35 

36 

37 

6 31.02 6 1.330 1.969 1.961 0.008 

6 31.96 6 1.341 1.974 1.965 0.009 

6 32.90 6 1.353 1.976 1.969 0.009 

6 33.84 6 1.365 1.983 1.974 0.009 

6 34.78 6 1.377 1.988 1.978 0.01 0 



11 TDS 1 TSS I SALT I SILT 1 INPUT 1 ALGEBRAIC 1 E O 1  I DEVIATION 

% % % % 

7 7 6.51 7 

SP. GR. OUTPUT SG OUTPUT SG 

1.091 1.881 1.877 0.004 

7 I 1.099 I 1.884 I 1.879 I 0.004 

I 
11 9 I 7 I 8.37 I 7 I 1.107 I 1.886 I 1.882 I 0.004 

10 7 9.30 7 1.115 1.889 1.885 0.004 

11 7 10.23 7 1.123 1.892 1.888 0.004 

13 

14 

15 

16 

17 

7 12.09 7 1.139 1.898 1.894 0.004 

7 13.02 7 1.148 1.901 1.897 0.004 

7 13.95 7 1.156 1.904 1 .goo 0.004 

7 14.88 7 1.165 1.907 1.903 0.004 

7 15.81 7 1.174 1.910 1.906 0.004 

18 

19 

20 

11 21 I 7 I 19.53 I 7 I 1.210 I 1.923 I 1.919 I 0.005 

7 16.74 7 1.1 83 1.913 1.909 0.004 

7 17.67 7 1.192 1.917 1.912 0.004 

7 18.60 7 1.201 1.920 1.916 0.004 

1) 22 1 7 I 20.46 1 7 1 1.220 I 1.927 1 1.922 1 0.005 

23 

24 

25 

7 21.39 7 1.230 1.930 1.926 0.005 

7 22.32 7 1.239 1.934 1.929 0.005 

7 23.25 7 1.249 1.938 1.933 0.005 

26 

27 

28 

29 

11 30 I 7 I 27.90 I 7 I 1.302 I 1.957 I 1.951 I 0.006 

7 24.1 8 7 1.259 1.942 1.936 0.005 

7 25.1 1 7 1.270 1.945 1.940 0.005 

7 26.04 7 1.280 1.949 I .944 0.006 

7 26.97 7 1.291 1.953 1.947 0.006 

31 

32 

33 

34 

7 28.83 7 1.313 1.962 1.955 0.006 

7 29.76 7 1.324 1.966 1.959 0.007 

7 30.69 7 1.335 1.970 1.963 0.007 

7 31.62 7 1.347 1.975 1.967 0.008 

11-40 1 7 ~ I 37.20 1 7 1 1.421 I 2.004 I 1 994 I 0.011 

35 

36 

37 

38 

39 

7 32.55 7 1.359 1.979 1.971 0.008 

7 33.48 7 1.371 1.984 1.976 0.008 

7 34.41 7 1.383 1.989 I .980 0.009 

7 35.34 7 1.395 1.994 1.984 0.009 

7 36.27 7 1.408 1.999 1.989 0.01 0 

113-81- 2 . 76  I -8 I 1068 I 1872 I 1868 I 0.003 

0 

1 

2 

8 0.00 8 1.046 1.864 1.861 0.004 

8 0.92 8 1.053 1.867 1.863 0.004 

8 1.84 8 1.060 1.869 1.866 0.004 

8 

8 

3.68 8 1.075 1.874 1.871 0.003 

4.60 8 1.082 1.877 1.873 0.003 

6 

7 

8 

8 5.52 8 1.090 1.879 1.876 0.003 

8 6.44 8 1.097 1.882 1.879 0.003 

8 7.36 8 1.105 1.885 1.882 0.003 



TDS TSS 

10 

1 1  

12 

% % % SP. GR. OUTPUT S G  OUTPUT S G  

8 8.28 8 1.1 13 1.887 1.884 0.003 

8 9.20 8 1.121 1.890 1.887 0.003 

8 10.1 2 8 1.129 1.893 1.890 0.003 

8 11.04 8 1.137 1.896 1.893 0.003 

14 

15 

16 

17 

8 12.88 8 1.154 1.902 1.899 0.003 

8 13.80 8 1.162 1.905 1.902 0.003 

8 14.72 8 1.171 1.908 1.905 0.003 

8 15.64 8 1.180 1.91 1 1.908 0.003 

18 

19 

20 

21 

(1 22 I 8 I 20.24 1 8 I 1.226 1 1.928 1 1.924 1 0.004 

8 16.56 8 1.189 1.914 1.91 1 0.003 

8 17.48 8 1.198 1.91 8 1.914 0.003 

8 18.40 8 1.207 1.921 1.918 0.003 

8 19.32 8 1.21 6 1.924 1.921 0.003 

23 

24 

25 

8 21.16 8 I 1.236 1.932 1.928 0.004 

8 22.08 8 1.245 1.935 1.931 0.004 

8 23.00 8 1.255 1.939 1.935 0.004 

11 35 I 8 I 32.20 I 8 I 1.364 I 1.980 I 1.974 I 0.007 

36 

37 

38 

8 33.12 8 1.376 1.985 1.978 0.007 

8 34.04 8 1.389 1.990 1.982 0.008 

8 34.96 8 1.401 1.995 I .986 0.008 

11 39 I 8 I 35.88 I 8 I 1.414 I 2.000 I 1.991 I 0.009 

0 

1 

2 

3 

11 40 I 8 1 36.80 I 8 I 1.426 I 2.005 1 1.995 I 0.009 

9 0.00 9 1.052 1.866 1.863 0.003 

9 0.91 9 1.059 1.868 1.865 0.003 

9 ,  1.82 9 1.066 1.870 1.868 0.002 

9 2.73 9 1.074 1.873 1.870 0.002 

5 

6 

7 

9 4.55 9 1.088 1.878 1.876 0.002 

9 5.46 9 1.096 1.880 1.878 0.002 

9 6.37 9 1.103 1.883 1.881 0.002 

9 

9 

9 

7.28 9 1.111 1 .a86 1.884 0.002 

8.19 9 1.119 1.889 1.887 0.002 

9.1 0 9 1.127 1.891 1.889 0.002 



TDS T S S  SALT SILT INPUT ALGEBRAIC Ea 1 DEVIATION 

% 

11 

% % % SP. GR. OUTPUT SG OUTPUT SG 

9 10.01 9 1 .I35 1.894 1.892 0.002 

11 20 I 9 I 18.20 1 9 I 1.213 I 1.922 I 1.920 I 0.002 11 

12 

13 

14 

1 
21 9 19.11 9 1.222 1.926 1.923 0.002 I 22 9 20.02 9 1.232 1.929 1.927 0.002 

9 10.92 9 1.143 1.897 1.895 0.002 

9 11.83 9 1.151 1.900 1.898 0.002 

9 12.74 9 1.160 1.903 1 .go1 0.002 

15 

16 

17 

18 

19 

11 28 I 9 I 25.48 I 9 1 1.292 I 1.951 I 1.948 I 0.004 11 

9 13.65 9 1.168 1.906 1.904 0.002 

9 14.56 9 1.177 I .go9 1.907 0.002 

9 15.47 9 1.186 1.912 1.910 0.002 

9 16.38 9 1.195 1.915 1.913 0.002 

9 17.29 9 1.204 1.919 1.917 0.002 

9 I 1.370 I 1.981 I 1.976 1 0.006 

24 

25 

26 

27 

9 21.84 9 1.251 1.936 1.933 0.003 

9 22.75 9 1.261 1.940 1.937 0.003 

9 23.66 9 1.271 1.944 1.941 0.003 

9 24.57 9 1.282 1.947 1.944 0.003 
I 

38 

39 

40 

9 34.58 9 1.407 1.996 1.988 0.007 

9 35.49 9 1.419 2.001 1.993 0.008 

9 36.40 9 1.432 2.006 1.997 0.008 

- -- 

I- io-r- y50 - I 1 094 I 1.879 I 878 I o.ool II 

1 l e  10 0.90 10 1 065 1 869 1.868 0.001 

- ~ -~ 

10 0.00 10 1058 1 867 1 865 0.002 

2 

3 

4 

iE-r 1 ~ 810 I I 1125 I 1890 I I889 I oool II 

10 1.80 10 1.073 1.871 1.870 0.001 

10 2.70 10 1.080 1.874 1.873 0.001 

10 3.60 10 1.087 1.876 1.875 0.001 

6 

7 

8 

10 5.40 10 1.102 1.882 1 .a80 0.001 

10 6.30 10 1.110 1.804 1.883 0.001 

10 7.20 10 1.117 1.887 1.886 0.001 

10 

10 

10 

9.00 10 1.133 1.892 1.892 0.001 

9.90 10 1.141 1.895 1.894 0.001 

10.80 10 1.149 1.898 1.897 0.001 





I D S  TSS ALGEBRAIC 

19 

20 

21 

% % % % SP. GR. OUTPUT SG OUTPUT SG 

15 11 13.35 11 1.181 1.908 1.908 0.000 
I I I I 

11 16.91 11 1.216 I 1.921 1.921 0.000 

11 17.80 11 1.225 1.924 1.924 0.000 

11 18.69 11 1.235 1.928 1.928 0.000 

I I I 16 11 14.24 11 1.189 1.91 1 1.91 1 0.000 1 17 1 11 15.13 11 1.198 1.914 1.915 0.000 

24 

25 

26 

11 18 I 1 1  I 16.02 I 11 I 1.207 I 1.918 I 1.918 I 0.000 11 

11 21.36 11 1.264 1.938 1.938 0.001 

11 22.25 11 1.273 1.942 1.941 0.001 

11 23.14 11 1.284 1.946 1.945 0.001 

28 

29 

30 

31 

11 23 I 1 1  1 20 .47  I 11 I 1254 I 1.935 I 1.934 I 0.000 (1 

11 24.92 11 1.304 1.954 1.952 0.001 

11 25.81 11 1.315 1.958 1.956 0.002 

11 26.70 11 1.325 1.962 1.960 0.002 

11 27.59 11 1.336 1.966 1.964 0.002 

32 

33 

34 

11 27 1 11 1 24.03 I 11 I 1 294 1 1.950 I 1.948 I 0.001 11 

11 28.48 11 1.347 1970 1.968 0.003 

11 29.37 11 1.359 1.974 1.972 0.003 

11 30.26 11 1.370 1.979 1.976 0.003 
I 

11 31.15 11 

32.04 11 

1382 1983 1980 0.004 

1394 1988 1984 0.004 

37 

38 

39 

11 32.93 11 1.406 1.993 1.988 0.005 

11 33.82 11 1.418 1.998 1.993 0.005 

11 34.71 11 1.431 2.003 1.997 0.006 

11 40 I 11 I 35.60 I 11 I 1.443 I 2.008 I 2.001 I 0.006 11 
0 

1 

2 

12 0.00 12 1.071 1.869 1.869 0.001 

12 0.88 12 1.078 1.871 1.872 0.001 

12 1.76 12 1.085 1.874 1.874 0.001 

4 

5 

6 

7 

8 

12 3.52 12 1,100 1.879 1.880 0.001 

12 4.40 12 1.107 1.881 1.882 0.001 

12 5.28 12 1.115 1.884 1.885 0.001 

12 6.16 12 1.122 1.886 1.888 0.001 

12 7.04 12 1.130 1.889 1.890 0.001 

11 13 I 12 I 11.44 1 12 I 1170 1 1903 1 1905 1 0.001 11 

10 

11 

12 

12 8 80 12 1146 1 895 1 896 0 001 

12 9 68 12 1154 1897 1 899 0 001 

12 10 56 12 1162 1900 1902 0 001 

- 

14 

15 

16 

~~ 

12 12 32 12 1179 1906 1908  0 001 

12 13 20 12 1187 I 9 0 9  1911 0 001 

12 14 08 12 1196 1912 1914 0 001 



TDS ALGEBRAIC EQ 1 DEVIATION TSS SALT SILT INPUT 

% 

17 

% % % SP. GR. OUTPUT SG OUTPUT SG 

12 14.96 12 1.204 1.91 6 1.917 0.001 
I 

11 24 I 12 I 21.12 1 12 I 1.270 I 1.939 I 1.940 1 0.001 

1 12 I 15.84 I 12 I 1.213 1.919 I 1.920 18 

11 25 I 12 1 22.00 I 12 I 1.280 I 1.943 I 1.943 I 0.000 

0.001 

20 

21 

22 

23 

~~~~~ ~ 

12 17.60 12 1.232 1.925 1.926 0.001 

12 18.48 12 1.241 1.929 1.930 0.001 

12 19.36 12 1.250 1.932 1.933 0.001 

12 20.24 12 1.260 1.936 1.936 0.001 

11 32 I 12 I 28.16 I 12 I 1.353 I 1.971 I 1970 I 0.002 

26 

27 

28 

12 22.88 12 1.290 1.947 1.947 0.000 

12 23.76 12 1.300 1.951 1.951 0.000 

12 24.64 12 1.310 1.955 1.954 0.000 

29 

30 

31 

12 25.52 12 1.321 1.959 1.958 0.001 

12 26.40 12 1.332 1.963 1.962 0.001 

12 27.28 12 1.342 1967 1.966 0.001 

)I 1 1  I 13 I 957 I 13 I 1160 I 1899 I 1901 I 0.003 

39 

40 

0 

12 34.32 12 1.436 2.004 1.999 0.005 

12 35.20 12 1.449 2.009 2.004 0.005 

13 0.00 13 1.077 1.870 1.872 0.002 

~~~ ~~~ 

11 15 I 13 I 13.05 I 13 I 1.193 I 1.910 I 1913 I 0.002 

1 

2 

3 

4 

5 

13 0.87 13 1.084 1.872 1.874 0.002 

13 1.74 13 1,091 1.875 1.877 0.002 

13 2.61 13 1.099 1.877 1 .879 0.002 

13 3.48 13 1.1 06 1.880 1.882 0.002 

13 4.35 13 1.113 1.882 1.885 0.002 

6 

7 

0 

9 

10 

13 5.22 13 1121 1 885 1 887 0 002 

13 6 09 13 1129 1 888 1 890 0 002 

13 6 96 13 1136 1890 1 893 0 002 

13 7 83 13 1144 1 893 1895 0 002 

13 8 70 13 1152 1896 1 898 0 002 

12 I 13 

13 13 

14 13 

10.44 13 1.1 68 1.901 1.904 0.003 

11.31 13 1.176 1.904 1.907 0.003 

12.1 8 13 1.185 1.907 1.910 0.003 

16 

17 

18 

~ 

13 13 92 13 1 202 1914 1916 0 002 

13 14 79 13 1211 1917 1919 0 002 

13 15 66 13 1220 1 920 1 922 0 002 



(1 TDS I TSS I SALT I SILT I INPUT I ALGEBRAIC I EQ 1 1 DEVIATION 

33 

34 

35 

% % % % SP. GR. OUTPUT SG OUTPUT SG 

19 13 16.53 13 1.229 1.923 1.925 0.002 

20 13 17.40 13 1.238 1.927 1.929 0.002 

13 28.71 13 1.371 1.977 1.976 0.001 

13 29.58 13 1.382 1.981 1.980 0.001 

13 30.45 13 1.394 1.986 1.984 0.002 

21 13 18.27 13 1.247 1.930 I .932 0.002 I 22 13 19.14 13 1.257 I 1.933 1.935 0.002 

37 

38 

39 

~ ~p 

11 23 I 13 I ~ 20.01 ~ 1 13 I 1.266 1.937 ~ I 1.939 I 0.002 

13 32.19 13 1.418 1.995 1.992 0.003 

13 33.06 13 1.430 2.000 1.997 0.003 

13 33.93 13 1.442 2.005 2.001 0.004 

24 13 20.88 13 1.276 1.941 1.942 0.002 

25 13 21.75 13 1.286 1.944 1.946 0.001 

26 13 22.62 13 1.296 1.948 1.949 0.001 

27 13 23.49 13 1.306 1.952 1.953 0.001 

0 

1 

2 

3 

11 28 1 13 1 24.36 I 13 I 1.316 1 1.956 I 1.957 I 0.001 

14 0.00 14 1.084 1.871 1.874 0.003 

14 0.86 14 I ,091 1.873 1.877 0.003 

14 1.72 14 1.098 1.876 1.879 0.003 

14 2.58 14 1.105 1.878 I .882 0.003 

29 13 25.23 13 1.327 1.960 I .960 0.001 

30 13 26.1 0 13 1.338 1.964 1.964 0.000 

31 13 26.97 13 1.349 1.968 1.968 0.000 

5 

6 

7 

11 32 I 13 I 27.84 I 13 I 1.360 I 1.972 I 1.972 1 0.000 

14 4.30 14 1.120 1.883 1.887 0.003 

14 5.16 14 1.127 1.886 1.889 0.003 

14 6.02 14 1.135 1.889 1.892 0.004 

10 

11 

12 

13 

11 36 I 13 I 31.32 I 13 1 f 406 I 1990 1 1988 1 0.002 

14 8.60 14 1.158 1.897 1.901 0.004 

14 9.46 14 1.166 1.900 1.903 0.004 

14 10.32 14 1.175 1.903 1.906 0.004 

14 11.18 14 1 .I 83 1.906 1.909 0.004 

15 

16 

17 

18 

19 

20 

14 12.90 14 1.200 I ,912 1.91 5 0.004 

14 13.76 14 1.208 1.915 1.918 0.004 

14 14.62 14 1.217 1.918 1.921 0.004 

14 15.48 14 1.226 1.921 1.924 0.003 

14 16.34 14 1.235 1.924 1.928 0.003 

14 17.20 14 1.244 1.928 1.931 0.003 

11 4 I 14 I 3.44 I 14 I 1.112 I 1.881 1 1.884 I 0.003 

11 9 I 14 I 7.74 I 14 I 1.150 I 1.894 I 1.898 I 0.004 

llylp 14 1- 12.04 ~ I 14 I 1191 1 I909 I 1912 I 0.004 



TDS TSS SALT SILT INPUT ALGEBRAIC EQ 1 DEVIATION 

% % % % SP. GR. OUTPUT SG OUTPUT SG 

21 14 18.06 14 1.254 1.931 1.934 0.003 

22 14 18.92 14 1.263 1.935 1.938 0.003 

1' 23 14 19.78 14 1.273 I ,938 1.941 0.003 

24 14 20.64 14 1.282 1.942 I .944 0.003 

~r~~ T 14 I p- 21.50 I 14 I 1.292 I I 9 4 5  I 1.948 I 0.003 

26 

27 

28 

29 

14 22.36 14 1.302 1.949 1.951 0.002 

14 23.22 14 1.312 1.953 1.955 0.002 

14 24.08 14 1.323 1.957 1.959 0.002 

14 24.94 14 1.333 1.961 1.962 0.002 

iri0 T 14 I-- 25.80 I 14 I 1.344 I 1 . 9 6 5  I 966 I o.ool 

31 

32 

33 

14 26.66 14 1.355 1.969 1.970 0.001 

14 27.52 14 1.366 1.973 1.974 0.001 

14 28.38 14 1.377 1.978 1.978 0.000 

1) 34 1 14 1 29.24 1 14 1 1388 1 1982 I 1982 1 0000 

35 

36 

37 

14 30.1 0 14 1.400 1.987 1.986 0.001 

14 30.96 14 1.412 1.991 1.990 0.001 

14 31.82 14 1.424 1.996 1994 0.002 

)I 6 -r 15 I 5.10 I 15 I 1.134 1 1.887 1 1.892 1 0.005 

7 

8 

9 

10 

15 5.95 15 1.141 1.890 1.894 0.005 

15 6.80 15 1.149 1.893 1.897 0.005 

15 7.65 15 1.157 1.895 1.900 0.005 

15 8.50 15 1.165 1.898 1.903 0.005 
- i r i ,  T 15 I 9.35 I 15 I 1.173 I I 1.906 I 0.005 

13 

14 

15 

~~ 

I L T  15 1 10.20 I 15 1 I 181 I 1904 I 1.909 I 0.005 

15 11.05 15 1.189 1.907 1.91 1 0.005 

15 1 I .90 15 1.198 1.910 1.914 0.005 

15 12.75 15 1.206 1.913 1.91 7 0.005 

17 

18 

19 

20 

21 

22 

15 14.45 15 1.224 1.919 1.924 0.005 

15 15.30 15 1.233 1.922 1.927 0.005 

15 16.15 15 1.242 1.925 1.930 0.004 

15 17.00 15 1.251 1.929 1.933 0.004 

15 17.85 15 1.260 1.932 1.936 0.004 

15 18.70 15 1.269 1.936 1.940 0.004 





Appendix G 
Rev. 0 
September 7.1993 

V ERROR IN EQUATION 2 0 
Since Equation 2 is designed to be applicable to a wide range of processing scenarios, it 
cannot be expected to perfectly fit each of them. Therefore, it is necessary to define the 
error in the fit across the broad spectrum of processing scenarios. 

To estimate the error of the math in Equation 2, the equation was tested using the same 
method used to evaluate Equation 1. The comparison was performed between the algebraic 
output slurry specific gravity and the output slurry specific gravity calculated by Equation 2 
for each of these situations. The TDS was varied from 0 to 40% in increments of 1% and 
the TSS was varied from 0 to 15% in increments of 1 % . This produced 656 different input 
waste scenarios. 

The difference between the algebraic output slurry specific gravity and the Equation 2 output 
slurry specific gravity was calculated for each of the 656 situations. The results are shown in 
Table G-13. Fig. G-16 shows the weighted moving average of the output slurry specific 
gravities as a function of input slurry specific gravity. 

When a frequency distribution of the deviations were performed, it could be seen that 100% 
of the deviations fell within 0.012 SG units of the algebraic output slurry specific gravity. 
This is graphically shown in Fig. G-17. However, the average deviation is within 0.004 SG - 

units of the algebraic output slurry specific gravity. 

As was shown in the last section, the process control error is fO.O1 SG units. This would 
make the net cumulative error in control of the output specific gravity to be f0.022 SG units 
if Equation 2 is used in its computation. 



FIGURE G-16 

DEVIATION BETWEEN ALGEBRAIC AND EQ. 2 
(Weighted Moving Average) 
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FIGURE G-17 

FREQUENCY DISTRIBUTION OF DEVIATIONS 
IN SG OF EQUATION 2 FROM ALGEBRAIC 

C"." ^^ 

0 0.007 0.002 0003 0 004 0005 0.006 0 007 0 008 0.009 0.01 0,011 0.012 

DEVIATION FROM ALGEBRAIC METHOD 



TABLE G-13 
DEVIATIONS BETWEEN ALGEBRAIC AND 

SPECIFIC GRAVITY OF POZZOLANS 

SPECIFIC GRAVITY OF SALT 3.251 

IISPECIFIC GRAVITY OF SILT 2.23 11 

EQUATION 2 

0.42 



36 

37 

38 

~~~~ - 

0 36.00 0 1.332 1.978 1.967 0.01 1 

0 37.00 0 1.344 1.982 1.972 0.01 1 

0 38.00 0 1.357 1.987 1.976 0.01 1 

39 

40 

~~~~ - 

0 39.00 0 1.370 1.993 1.981 0.012 

0 40.00 0 1.383 1.998 1.985 0.01 2 

1 

2 

3 

1 0.99 1 1.013 1.860 1.853 0.007 

1 1.98 1 1.020 1.862 1.856 0.007 

I 2.97 1 1.027 1.865 1.858 0.006 

4 

5 

6 

7 

- - ~  

1 3.96 1 1.034 I .867 1.861 0.006 

1 4.95 1 1.041 1.870 1.864 0.006 

1 5.94 1 1.049 1.872 1.866 0.006 

1 6.93 1 1.057 1.875 1.869 0.006 

8 

9 

10 

11 

~~~ 

1 7.92 1 1 .om 1.878 1.872 0.006 

1 8.91 1 1.072 1.880 1.874 0.006 

1 9.90 1 1.080 1.883 1.877 0.006 

I 10.89 1 1.088 1.886 1.880 0.006 

13 

14 

15 

1 12.87 1 1.105 1.892 1.886 0.006 

1 13.86 1 1.113 1.895 1.889 0.006 

1 14.85 1 1.122 1.898 1.892 0.006 

25 I 1 I 24.75 I 1 I 1.215 I 1.932 I 1.925 I 0.007 11 

~~ 

17 

18 

19 

1 16.83 1 1.139 1.904 1.898 0.006 

1 17.82 1 1.148 1.907 1.902 0.006 

1 18.81 1 1.157 1.91 1 1.905 0.006 

36 1 35.64 1 1.337 1.979 1.969 0.009 

37 1 36.63 1 1.350 1.983 1.973 0.01 0 

20 

21 

22 

23 

24 

I I I 

38 1 37.62 1 1.362 I 1.988 1.978 0.010 )I 

~ 

1 19.80 1 1.166 1.914 1.908 0.006 

1 20.79 1 1.176 1.917 1.91 1 0.006 

1 21.78 1 1.185 1.921 1.915 0.006 

1 22.77 1 1.195 1.925 1.918 0.006 

1 23.76 1 1.205 1.928 1.922 0.006 

26 

27 

28 

1 25.74 1 1.225 1.936 1.929 0.007 

1 26.73 1 1.235 1.940 1.933 0.007 

1 27.72 1 1.246 1.944 1.936 0.007 

29 I 1 I 28.71 1 1 I 1.257 I 1.948 1 1.940 0.007 11 





2 

3 

4 

5 

3 1.94 3 1.031 1 .a64 1.860 0.004 

3 2.91 3 1.038 1.867 1.862 0.004 

3 3.88 3 1.045 1.869 1.865 0.004 

3 4.85 3 1.053 1.872 1.868 0.004 

14 

15 

16 

17 

3 13.58 3 1.124 1.897 1.893 0.004 

3 14.55 3 1.133 1 .goo 1 .896 0.004 

3 15.52 3 1.142 1.903 1 .a99 0.004 

3 16.49 3 1.150 1.906 1.902 0.004 

18 

19 

20 

21 

22 

3 17.46 3 1.159 1.909 1.906 0.004 

3 18.43 3 1.168 1.913 1 .go9 0.004 

3 19.40 3 1.178 1.916 1.91 2 0.004 

3 20.37 3 1.187 1.919 1.91 5 0.004 

3 21.34 3 1.197 1.923 1.919 0.004 

23 I 3 
~~~ ~ ~~ 

22.31 3 1 1.206 1.926 1.922 0.004 

24 

25 

0 I 4 I 0.00 I 4 1 1.023 I 1.860 1 1 . 8 5 7 ~ 0 ~ 1  

3 23.28 3 I 1.216 1.930 1.926 0.004 

3 24.25 3 1.226 1.934 1.929 0.004 

26 

27 

28 

29 

30 

31 

4 I 4 I 3.84 1 4 I 1.051 1 1.870 ~ 1 1 . 8 6 7 1 . 0 0 3 1 1  

~~~~ 

3 25.22 3 1.236 1.938 1.933 0.005 

3 26.1 9 3 1.247 1.941 1.937 0.005 

3 27.16 3 1.257 1.945 1.940 0.005 

3 28.13 3 1.268 1.949 1.944 0.005 

3 29.1 0 3 1.279 1.954 1.948 0.005 

3 30.07 3 1.290 1.958 1.952 0.006 

5 1 4 I 4.80 I 4 I 1.059 I 1.873 1 1.870 I 0.003 11 

~ ~~ 

33 

34 

35 

36 

3 32.01 3 1.313 1.966 1.960 0.006 

3 32.98 3 1.324 1.971 1.964 0.007 

3 33.95 3 1.336 1.976 1.969 0.007 

3 34.92 3 1.348 1.980 1.973 0.007 

37 

38 

39 

40 

3 35.89 3 1.361 1.985 1.977 0.008 

3 36.86 3 1.373 1.990 1.982 0.008 

3 37.83 3 1.386 1.995 1.986 0.009 

3 38.80 3 1.399 2.000 1.991 0.009 

1 

2 

3 

4 0.96 4 1.030 1.863 1.859 0.003 

4 1.92 4 1.037 1.865 1.862 0.003 

4 2.88 4 1.044 1.868 1 .864 0.003 



~ ~- ~ 

8 

9 0.003 

4 7.68 4 1.081 1.881 1.878 

4 8.64 4 1.089 1.883 1.881 

11 10 I 4 I 9.60 I 4 I 1.097 I 1 . 8 8 6 - 1 . 8 8 3 1 , 0 0 3  11 

32 

33 

34 

35 

4 30.72 4 1.307 1.963 1.958 0.005 

4 31.68 4 1.318 1.967 1.962 0.005 

4 32.64 4 1.330 1.972 1.966 0.006 

4 33.60 4 1.342 1.977 1.971 0.006 

11- I 4 I 2592 I 4 I 1.252 1 1 . 9 4 2 7 1 . 9 3 9  I 0.004 11 

37 

38 

39 

40 

0 

1 

28 4 26.88 4 1.263 1.946 1.942 0.004 

29 4 27.84 4 1.274 1.950 1.946 0.004 

30 4 28.80 4 1.284 1.955 1.950 0.004 

4 35.52 4 1.366 1.986 1.979 0.007 

4 36.48 4 1.379 1.991 1.984 0.007 

4 37.44 4 1.391 1.996 1.988 0.008 

4 38.40 4 1.404 2.001 1.993 0.008 

5 0.00 5 1.028 1.861 1.859 0.002 

5 0.95 5 1.035 1.864 1 '861 0.002 

3 

4 

5 

6 

7 

8 

9 

5 2.85 5 1.050 1.869 1.867 0.002 

5 3.80 5 1.057 1.871 1.869 0.002 

5 4.75 5 1.064 1.874 1.872 0.002 

5 5.70 5 1.072 1.876 1.874 0.002 

5 6.65 5 1.079 1.879 1.877 0.002 

5 7.60 5 1.087 1.882 1.880 0.002 

5 8.55 5 1.095 1.884 1.883 0.002 



29 

30 

31 

32 

33 I 5 I 31.35 I 5 1 1.324 1 1.968 1- 1196- I 0.004 11 

~ 

5 27.55 5 1.279 1.951 1.948 0.003 

5 28.50 5 1.290 1.955 1.952 0.003 

5 29.45 5 1.301 1.960 1.956 0.004 

5 30.40 5 1.312 1.964 1.960 0.004 

34 

35 

36 

2 I 6 I 1.88 I 6 I 1.048 I 1.867 I 1.866 1 0.001 I 

5 32.30 5 1.336 1.973 1.968 0.005 

5 33.25 5 1.347 1.977 1.973 0.005 

5 34.20 5 1.359 1.982 1.977 0.005 

3 

4 

5 

6 

6 2.82 6 1.056 1.870 1.869 0.001 

6 3.76 6 1 .om 1.872 1.871 0.001 

6 4.70 6 1.070 1.875 1.874 0.001 

6 5.64 6 1.078 1.877 1.877 0.001 

~ ~~ 

10 1 6 I 9.40 1 6 1 1.109 1 1.888 1 1.888 I 0.001 11 

7 

8 

9 

6 6.58 6 1.085 1.880 1.879 0.001 

6 7.52 6 1.093 1.883 1.882 0.001 

6 8.46 6 1.101 1.885 1.885 0.001 

11 

12 

13 

6 10.34 6 1.117 ' 1.891 1 .890 0.001 

6 11.28 6 1.125 1.894 1 .e93 0.001 

6 12.22 6 1.133 1.897 1.896 0.000 



14 

15 

16 

6 13.16 6 1.142 1.900 1.899 0.000 

6 14.10 6 1.150 1.903 1.902 0.000 

6 15.04 6 1.159 1.906 1.905 0.000 

17 

18 

19 

6 15.98 6 1.168 1.909 1.909 0.001 

6 16.92 6 1.177 1.912 1.912 0.001 

6 17.86 6 1.186 1.91 6 1.91 5 0.001 

21 

22 

23 

24 

6 19.74 6 1.204 1.922 1.922 0.001 

6 20.68 6 1.214 1.926 1.925 0.001 

6 21.62 6 1.224 1.929 1.929 0.001 

6 22.56 6 1.234 1.933 1.932 0.001 

33 I 6 I 31.02 1 6 I 1.330 I 1.969 I 1.966 1 0003 ~ 11 

25 

26 

27 

28 

29 

6 23.50 6 1.243 1.937 1.936 0.001 

6 24.44 6 1.254 1.941 1.939 0.001 

6 25.38 6 1.264 1.944 1.943 0.002 

6 26.32 6 1.274 1.948 1.947 0.002 

6 27.26 6 1.285 1.952 1.950 0.002 

31 

32 

1 I 7 I 0.93 I 7 I 1.047 I 1.866 1 1.866 I 0.000 11 

0.003 
6 29.14 6 1.307 I 1.961 1.958 

6 30.08 6 1.318 I 1.965 1.962 

34 

35 

36 
37 

6 I 7 I 5.58 1 7 1 1.084 I 1.878 I 1.879 1 0.000 11 

6 31.96 6 1.341 1.974 1.970 0.004 

6 32.90 6 1.353 1.978 1.975 0.004 

6 33.84 6 1.365 1.983 1.979 0.004 

6 34.78 6 1.377 1.988 I .983 0.005 

38 

39 

40 

0 

11 1 7 1 10.23 I 7 I 1.123 I 1.892 1 1.893 I 0.001 11 

6 35.72 6 1.390 1.993 1.988 0.005 

6 36.66 6 1.402 1.998 1.992 0.006 

6 37.60 6 1.415 2.003 1.997 0.006 

7 0.00 7 1.040 1.863 1.863 0.000 

2 

3 

4 

5 

7 1.86 7 1.054 1.868 1.868 0.000 

7 2.79 7 1.061 1.871 1.871 0.000 

7 3.72 7 1.069 1.873 1.873 0.000 

7 4.65 7 1.076 1.876 1.876 0.000 

7 

8 

9 

10 

7 6.51 7 1.091 1.881 1.881 0.000 

7 7.44 7 1.099 1.884 1.884 0.000 

7 8.37 7 1.107 1.886 1.887 0.000 

7 9.30 7 1.115 1.889 1.890 0.001 

12 

13 

14 

7 11.16 7 1.131 1.895 1.896 0.001 

7 12.09 7 1.139 1.898 1.898 0.001 

7 13.02 7 1.148 1.901 1.901 0.001 

15 

16 

17 

7 13.95 7 1.156 1.904 1.905 0.001 

7 14.88 7 1.165 1.907 1.908 0.001 

7 15.81 7 1.174 1.910 1.91 1 0.001 



1.84 8 1.869 I 1.870 0.001 

3 1  8 1  2.76 I 8 I 1.068 I 1 .872 1 .a73 I 0.001 

I I I 

8 1 6.56 8 1.189 1.914 1.916 

8 17.48 8 1.198 1.91 8 1.919 0.002 

18.40 8 1.207 1.921 1.923 0.002 

19.32 8 1.216 1.924 1.926 0.001 



23 

24 

25 

~~ ~~ 

8 21.16 8 1.236 1.932 1.933 0.001 

8 22.08 8 1.245 1.935 1.936 0.001 

8 23.00 8 1.255 1.939 1.940 0.001 
I 

.~ 

26 8 23.92 8 1.265 1.943 1.943 0.001 I 27 ' 8 24.84 8 1.276 1.946 1.947 0.001 

35 8 32.20 8 1.364 1.980 1.979 0.002 

36 8 33.12 8 1.376 1.985 1.983 0.002 
37 

38 

39 

8 34.04 8 1.389 1.990 1.987 0.003 

8 34.96 8 1.401 1.995 1.992 0.003 

8 35.88 8 1.414 2.000 1.996 0.004 

40 

0 

1 

2 

8 36.80 8 1.426 2.005 2.001 0.004 

9 0.00 9 1.052 1.866 1.867 0.002 

9 0.91 9 1.059 1.868 1.870 0.002 

9 1.82 9 1.066 1.870 1.872 0.002 

~ 

3 

4 

IE 

9 2.73 9 1.074 1.873 1.875 0.002 

9 3.64 9 1.081 1.875 1.878 0.002 

/I 12 

5 

6 

7 

lk 

9 4.55 9 1.088 1.878 1.880 0.002 

9 5.46 9 1.096 1.880 1.883 0.002 

9 6.37 9 1.103 1.883 1.886 0.003 

I I  

9 

9 

9 

9 

7.28 9 1.111 1.886 1.888 0.003 

8.19 9 1.119 1.889 1.891 0.003 

9.10 9 1.127 1.891 1.894 0.003 

10.01 9 1.135 1.894 1.897 0.003 

9 

9 

9 

9 

9 

11 17 I 9 I 15.47 I 9 I 1.186 I 1.912 I 1.915 -To.OO~ II 

10.92 9 1.143 1.897 1 .goo 0.003 

11.83 9 1.151 1 .goo 1.903 0.003 

12.74 9 1.160 1.903 1.906 0.003 

13.65 9 1.168 1.906 1 .go9 0.003 

14.56 9 1.177 1 .go9 1.912 0.003 

-11 25 I 9 I 22.75 I 9 I 1.261 I 1.940 I 1.942 I 0.002 I 



0.0°2 26 9 23.66 9 1.271 1.944 1.946 

27 9 24.57 9 1.282 1.947 1.949 0.002 I 

37 

38 

28 1 9 I 25.48 I 9 I 1.292 1.951 1 1 . 9 5 3  I 0.001 II 

9 33.67 9 1.394 1.991 1.989 0.002 

9 34.58 9 1.407 1.996 1.994 0.002 

36 I 9 I 32.76 I 9 I 1.382 I 1.986 I 1.985 I 0.001 I 

40 

0 O*Oo3 I 9 36.40 9 1.432 2.006 2.003 

10 0.00 10 1.058 1.867 1.870 0.003 

1 

2 

3 

4 

5 

10 0.90 i o  1.065 1.869 1.872 0.003 

10 1.80 10 1.073 1.871 1.875 0.003 

10 2.70 10 1.080 1.874 1.877 0.003 

10 3.60 10 1.087 1.876 1.880 0.003 

10 4.50 10 1.094 1.879 1.882 0.004 

6 

7 

8 

10 5.40 10 1.102 1.882 1.885 0.004 

10 6.30 10 1.110 1.884 1.888 0.004 

10 7.20 10 1.117 1.887 1.891 0.004 

9 I 10 I 8.10 I 10 I 1.125 I 1.890 I 1.893 I 0.004 11 
10 

11 

12 

10 9.00 10 1.133 1.892 1 '. 896 0.004 

10 9.90 10 1.141 1.895 1.899 0.004 

10 10.80 10 1.149 1.898 1.902 0.004 
13 I 10 I 11.70 I 10 I 1.158 I 1.901 I 1.905 I 0.004 11 

15 

16 

17 

14 10 1 12.60 I 10 I 1.166 1 1.904 -1- ~ 1.908 I 0.004 11 
10 13.50 10 1.175 1.907 1.91 1 0.004 

10 14.40 10 1.183 1.910 1.914 0.004 

10 15.30 10 1.192 1.913 1.917 0.004 

19 

20 

21 

22 

23 

18 I 10 1 16.20 I 10 I 1.201 I 1.917 I 1.920 I 0.004 11 
10 17.10 10 1.210 1.920 1.924 0.004 

10 18.00 10 1.21 9 1.923 1.927 0,004 

10 18.90 10 1.229 1.927 1.930 0.004 

10 1 9.80 10 1.238 1.930 1.934 0.004 

10 20.70 10 1.248 1.934 1.937 0.003 

24 

25 

26 

27 

28 

29 

10 21.60 10 1.257 1.937 1.941 0.003 

10 22.50 10 1.267 1.941 1.944 0.003 

10 23.40 i o  1.277 1.945 1.948 0.003 

10 24.30 10 1.288 1.949 1.951 0.003 

10 25.20 10 1.298 1.952 1.955 0.003 

10 26.1 0 10 1.309 I .956 1.959 0.002 



31 

32 

33 

10 27.90 10 1.330 1.965 1.967 0.002 

10 28.80 10 1.342 1.969 1.970 0.001 

10 29.70 10 1.353 1.973 I .975 0.001 
1 I 

. 

34 10 30.60 10 1.364 1.978 1.979 0.001 I- 35 ' 10 31.50 10 1376 1.982 1.983 0.000 
36 

37 

38 

39 

~~ 

10 32.40 10 1.388 1.987 1 987 0.000 

10 33.30 10 1.400 1.992 1.991 0.001 

10 34.20 10 1.412 1.997 1.996 0.001 

10 35.10 10 1.425 2.002 2.000 0.002 

11 3 I 11 1 2.67 I 11 I 1.086 I 1.875 I 1.879 I 0.004 11 

40 

0 

1 

2 

10 36.00 10 1.438 2.007 2.005 0.002 

11 0.00 11 1.065 1.868 1.872 0.004 

11 0.89 11 1.072 1.870 1.874 0.004 

11 1.78 11 1.079 1.872 1.877 0.004 

26 

27 

28 

11 23.14 11 1.284 1.946 1.950 0.004 

11 24.03 11 1.294 1.950 1.953 0.004 

11 24.92 11 1.304 1.954 1.957 0.004 

30 

31 

32 

33 

11 26.70 11 1.325 1.962 1.965 0.003 

11 27.59 11 1.336 1.966 1.969 0.003 

11 28.48 11 1.347 1.970 1.973 0.003 

11 29.37 11 1.359 1.974 1.977 0.002 



34 

35 

36 

11 30.26 11 1.370 1.979 1.981 0.002 

11 31.15 11 1.382 1.983 1.985 0.001 

11 32.04 11 1.394 1.988 1.989 0.001 

8 I 12 I 7.04 1 12 I 1.130- 1 1.889 1 1 - 8 9 5  I 

37 

38 

39 

40 

0 

11 32.93 11 1.406 1.993 1.993 0.001. 

11 33.82 11 1.418 1.998 1.998 0.000 

11 34.71 11 1.431 2.003 2.002 0.001 

11 35.60 11 1.443 2.008 2.007 0.001 

12 0.00 12 1.071 1.869 1.874 0.005 

I 
13 I 12 1 11.44 I 12 I 1.170 I 1.903 I 1.909 1 0.006 11 

9 

10 

11 

12 

12 7.92 12 1.138 1.892 1.898 0.006 

12 8.80 12 1.146 1.895 1 .go1 0.006 

12 9.68 12 1.154 1.897 1.904 0.006 

12 10.56 12 1.162 1 .goo 1.906 0.006 

14 

15 

16 

20 I 12 I 17.60 I 12 1 1.232 I 1.925 I 1.931 I 0.006 11 

12 12.32 12 1.179 1.906 1.91 2 0.006 

12 13.20 12 1.187 1 .go9 1.915 0.006 

12 14.08 12 1.196 1.912 1.91 9 0.006 

21 I 12 I 18.48 I 12 I 1.241 I 1.929 1 1.935 1 0.006 11 

17 

18 

19 

22 1 12 I 19.36 1 12 I 1.250 I 1.932 I 1.938 I 0.006 / I  

12 14.96 12 1.204 1.916 1.922 0.006 

12 15.84 12 1.213 1.919 1.925 0.006 

12 16.72 12 1.222 1.922 1.928 0.006 

23 

24 

25 

26 I 12 I 22.88 I 12 I 1.290 I 1.947 I 1.952 I 0.005 11 

12 20.24 12 1.260 1.936 1.941 0.006 

12 21.12 12 1.270 1.939 1.945 0.005 

12 22.00 12 1.280 1.943 1.948 0.005 

27 

28 

29 

30 

31 I 12 I 27.28 I 12 I 1.342 I 1.967 I 1.971 I 0.004 11 

12 23.76 12 1.300 1.951 1.956 0.005 

12 24.64 12 1.310 1.955 1.959 0.005 

12 25.52 12 1.321 1.959 1.963 0.004 

12 26.40 12 1.332 1.963 1.967 0.004 

32 

33 

34 

35 1 12 I 30.80 I 12 1 1.388 I 1.985 I 1.987 I 0.002 11 

12 28.16 12 1.353 1.971 1.975 0.004 

12 29.04 12 1.365 1.976 1.979 0.003 

12 29.92 12 1.376 1.980 1.983 0.003 

36 

37 

12 31.68 12 1.400 1.989 1.991 0.002 

12 32.56 12 1.412 1.994 1.995 0.002 





I] 19 I 14 I 16.34 I 14 I 1.235 I 1.924 I 1.933 I 0.008 11 
20 

21 

22 

14 17.20 14 1.244 1.928 1.936 0.008 

14 18.06 14 1.254 1.931 1.939 0.008 

14 18.92 14 1.263 1.935 1.943 0.008 

39 

40 

0 

1 

14 33.54 14 1.448 2.006 2.008 0.003 

14 34.40 14 1.461 2.01 1 2.01 3 0.002 

15 0.00 15 1 .ow 1.872 1.881 0.009 

15 0.85 15 1.097 1.875 1.883 0.009 

Mi 15 1.70 15 1.104 1.877 1.886 0.009 

2.55 15 1.112 1.879 1.889 0.009 

3.40 15 1.119 1.882 1.891 0.009 15 15 



5 

6 

15 

15 

15 7 

4.25 15 1.126 1.885 1.894 0.009 

5.10 15 1.134 1.887 1.897 0.009 

5.95 15 1.141 1.890 i .a99 0.009 
8 

9 

10 

11 

37 

38 

12 

15 31.45 15 1.430 1.997 2.002 

15 32.30 15 1.442 2.002 2.006 0.004 

13 

14 

15 

39 I 15 I 33.15 I 15 I 1.454 1 2.007 

16 

2.01 1 0.004 11 

I 
1 13.60 15 1.916 1 1.925 0.01 0 

O.OIO II 12.75 15 1.206 I 1.913 1.922 
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V DERIVATION OF EQUATION 3 e 
Puruose 

The purpose behind Equation 3 was to have one equation for Pond 207C waste processing, 
which could be used to calculate the output slurry specific gravity if the specific gravity of the 
pozzolans, the input slurry specific gravity, and the percentage of Clarifier TSS as a 
percentage of total TSS are known. 

Derivation 

The output slurry specific gravity and the input slurry specific gravity can be algebraically 
calculated as shown in Section I. This was performed for different scenarios of input slurry 
TDS and TSS. 

For a given value of the percentage of Clarifier TSS that forms part of the of total TSS 
(hereafter referred to as D) and a given pozzolan specific gravity, the input slurry specific 
gravity and the output slurry specific gravity were calculated. The TDS was varied from 0 to 
40% (in increments of 1%) and the TSS was varied from 0 to 15% (in increments of 2.5%). 
This produced 147 different cases for which the input slurry specific gravity and the output 
slurry specific gravity were calculated. 

A linear regression was performed on the resulting output slurry specific gravity versus the 
input slurry specific gravity. For each D value, this procedure was repeated for pozzolan 
specific gravities ranging from 2.6 to 3.4 in increments of 0.1. 

Using the following symbols for the variables, 

B = Specific Gravity of Pozzolans, 
C = Specific Gravity of Input Slurry and 
D = Clarifier TSS as a percentage of total TSS, 

When Output Slurry Specific Gravity is plotted against Input Slurry Specific Gravity the data 
can be linearized to yield: 

SG,=mC+c 

where m is the slope of the line and c is the y-intercept for the data set. 

The linearization of the output slurry specific gravity versus the input slurry specific gravity 
was repeated for Pozzolan Specific Gravities (B) from 2.6 to 3.4 in increments of 0.1. The 
x-coefficients and y-intercepts of equation la, when plotted against the pozzolan specific 
gravity gave good straight line fits having x-coefficients and y-intercepts. 



Appendix G 
Rev. 0 
September 7,1993 

For m vs B,  
m=m/mB+m/c 

where m'm and m'c are the slope and intercept of the line, respectively. 

For c vs B, 

c=c'mB+c'c 

where c'm and c'c are the slope and intercept of the line respectively. 

When lb  and IC are incorporated into Equation la,  

SG,=(m 'mB+m 'c)C+c /mB+c IC 

(34 

The entire procedure was repeated for D values ranging from 0% to 100% in increments of 
10%. 

The results are shown in Tables G-14 to G-24. 

When m'm, m'c, c'm, and c'c are plotted against the W/P ratios, the data can be represented 
best in the form of four linear equations: 

m'm=5.9422B-5D-0.0388898 (3e) 

m 'c = -6E -5D +0.46859 (30 

~'~=4.55E-5D+0.571779 (3h) 

These are shown in Table G-25. 

Substituting 3e, 3f, 3g, and 3h in 3d, 

(3) 
SGOut=5.9422E-5BCD -0.0388898BC-6E -5CD +0.46859C 

-4.484E-5BD +0.3 l666994B +4.55E -5D+0.571779 
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This equation allows the calculation of the output slurry specific gravity if the input slurry 
specific gravity, pozzolan specific gravity and the value of Clarifer TSS which is part of the 
total TSS are known for Pond 207ClClarifer waste processing. 



TABLE G-25 

D (%) m’m m’c c’m c’c 
0 -0.0387863 0.46846476 0.31 653964 0.571 931 
10 -0.0382549 0.46793588 0.31 61 701 6 0.572294 
20 -0.0377091 0.46738985 0.31 578262 0.572678 
30 -0.0371 49 0.46682681 0.31 537721 0.573082 
40 -0.0365748 0.4662469 0.31 49541 7 0.573507 
50 -0.0359868 0.46565026 0.31 451 37 0.573952 
60 -0.0353852 0.46503703 0.31 405602 0.57441 8 
70 -0.0347701 0.46440737 0.31 3581 37 0.574903 
80 -0.0341 41 9 0.463761 41 0.31 308997 0.575408 
90 -0.0335007 0.46309932 0.31 258205 0.575932 
100 -0.0328467 0.462421 26 0.31 205785 0.576477 

No. of Observations 
Degrees of Freedom 

-0.0388898 Constant 
8.09E-05 

0.99897573 R Squared 0.998535 
Std Err of Y Est 6.652E-05 Std Err of Y Est 

11 No. of Observations 
9 Degrees of Freedom 

11 
9 

5.9422E-05 X Coefficient@) -6E-05 
Std Err of Coef. 6.3424E-07 Std Err of Coef. 7.72E-07 

c’m Regression Output: c’c Regression Output: 
0.31 666994 Constant 0.571 779 

Std Err of Y Est 8.3956E-05 Std Err of Y Est 9.82E-05 
0.9971 4052 R Squared 0.996201 

No. of Observations 11 No. of Observations 11 
Degrees of Freedom 9 Degrees of Freedom 9 
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VI1 ERROR IN EQUATION 3 a 
To estimate the error of the math in Equation 3, the equation was tested for the entire range 
of input slurry specific gravity scenarios arising from different TDS and TSS combinations. 
The comparison was performed between the algebraic output slurry specific gravity and the 
output slurry specific gravity calculated by Quation 1 for each of these situations. The TDS 
was varied from 0 to 40% in increments of 1 % and the TSS was varied from 0 to 15% in 
increments of 1%. This produced 656 different input waste scenarios. 

The difference between the algebraic output slurry specific gravity and the Equation 1 output 
slurry specific gravity was calculated for each of the 656 situations. The results are shown in 
Table G-26. Fig. G-18 shows the weighted moving average of the output slurry specific 
gravities as a function of input slurry specific gravity. 

When a frequency distribution of the deviations were performed, it could be seen that 100% 
of the deviations fell within 0.012 SG units of the algebraic output slurry specific gravity. 
However, the average deviation is within 0.004 SG units of the algebraic output slurry 
specific gravity. 

As was shown in Section IV, the process control error of the Halliburton RCM is kO.01 SG 
units. Thus, under worst case conditions, the net cumulative error in the control of the output - 

specific gravity would be k0.022 SG units if Equation 3 is used in its computation. 
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TABLE G-26 
DEVIATIONS BETWEEN ALGEBRAIC AND EQUATION 3 

~ ~~ 

2.73 
SPECIFIC GRAVITY OF SILT 
SPECIFIC GRAVITY OF CLAR. SILT 

I~SPECIFIC GRAVITY OF POZZOLANS 2.900 11 

20 
29 
30 
31 

- - - 

I~SPECIFIC GRAVITY OF SALT 3.251 11 

0 28.00 0 0 1.240 1.943 1.934 0.008 
0 29.00 0 0 1.251 1.947 1.938 0.008 
0 30.00 0 0 1.262 1.951 1.942 0.009 
0 31 .OO 0 0 1.273 1.955 1.946 0.009 

I 1 

4.00 1.028 I 1.866 I 1.858 0.009 

13 0 13.00 0 0 1.099 1.891 1.883 0.008 
14 0 14.00 0 0 1 .lo7 1.894 1.886 0.008 
15 0 15.00 0 0 1.116 1.897 1.889 0.008 ~~~ 

I 

16 0 16.00 0 0 1 A25 1 .goo 1.892 0.008 1 17 ' 0 17.00 0 0 1.133 1.903 1.896 0.008 
11 18 I 0 I 18.00 I 0 1 0 I 1.142 I 1.906 I 1.899 I 0.008 



37 0 37.00 0 0 1.344 1.982 1.972 0.01 1 I 38 0 38.00 0 0 1.357 1.987 1.976 0.01 1 
39 
40 
0 
1 
2 

0 39.00 0 0 1.370 1.993 1.981 0.01 2 
0 40.00 0 0 1.383 1.998 1.986 0.01 2 
1 0.00 0.5 0.5 1.006 1.858 1.849 0.009 
1 0.99 0.5 0.5 1.013 1.860 1.852 0.008 
1 1.98 0.5 0.5 1.020 1.863 1.855 0.008 

3 
4 
5 

1 2.97 0.5 0.5 1.027 1.865 1.857 0.008 
1 3.96 0.5 0.5 1.034 1.868 1.860 0.008 

0.008 1 4.95 0.5 0.5 1.042 1.870 1.862 

11 19 I 1 I 18.81 I 0.5 I 0.5 I 1.158 I 1.911 I 1.904 I 0.007 11 

6 
7 
8 
9 

0.008 
29 1 28.71 0.5 0.5 1.257 1.948 1.940 1 30 1 29.70 0.5 0.5 1.268 1.952 1.944 

1 5.94 0.5 0.5 1.049 1.873 1.865 0.008 
1 6.93 0.5 0.5 1.057 1.876 1.868 0.008 
1 7.92 0.5 0.5 1.065 1.878 1.871 0.008 
1 8.91 0.5 0.5 1.073 1.881 1.874 0.007 

31 
32 
33 
34 
35 

1 30.69 0.5 0.5 1.279 1.956 1.948 0.008 
1 31.68 0.5 0.5 1.291 1.961 1.952 0.008 
1 32.67 0.5 0.5 1.302 1.965 1.957 0.009 
1 33.66 0.5 0.5 1.314 1.970 1.961 0.009 
1 34.65 0.5 0.5 1.326 1.974 1.965 0.009 



a 

0 

36 I 1 1  35.64 I 0.5 I 0.5 I 1.338 1 1.979 I 1.970 0.01 0 
37 1 36.63 0.5 0.5 1.351 1.984 1.974 0.01 0 
38 1 37.62 0.5 0.5 1.363 1.989 1.979 0.01 0 
39 1 38.61 0.5 0.5 1.376 1.994 1.983 0.01 1 

~~ ~ 

10 I 2 1  9.80 1 1 I 1.087 I 1.885 I 1.879 0.007 
11 2 10.78 1 1 1.095 1.888 1.882 0.006 
12 2 11.76 1 1 1 A03 1.891 1.885 0.006 
13 2 12.74 1 1 1.111 1.894 1.888 0.006 

i 1 I 

14 I 2 1  13.72 I 1 1 I 1.120 I 1.897 I 1.891 0.006 
15 2 14.70 1 1 1 .I 28 1 .goo 1.894 0.006 
16 2 15.68 1 1 1 .I37 1.903 1.897 I 0.006 

I b I I I I 1 
~ -~~ - .  

17 I 2 1  16.66 I 1 I 1 I 1.146 I 1.906 I 1.900 0.006 I I 

18 I 2 1  17.64 1 1 1 I 1.155 I 1.909 I 1.903 0.006 
19 2 18.62 1 1 1 .I64 1.913 1.907 0.006 
20 2 19.60 1 1 1 .I73 1.916 1.910 0.006 
21 2 20.58 1 1 1 .I83 1.920 1.913 0.006 
22 2 21.56 1 1 1 .I92 1.923 1.917 0.006 

1.202 1.927 1.920 0.006 23 2 22.54 1 1 
24 2 23.52 1 1 1.212 1.930 1.924 0.006 
25 2 24.50 1 1 1.222 1.934 1.927 0.006 
26 2 25.48 1 1 1.232 1.938 1.931 0.007 
27 2 26.46 I l l  1.242 1.942 1.935 0.007 a I 

28 I 2 1  27.44 I 1 1 I 1.253 I 1.946 I 1.939 0.007 
29 2 28.42 1 1 1.264 1.950 1.943 0.007 
30 2 29.40 1 1 1.275 1.954 1.947 0.007 
31 2 , 30.38 1 1 1.286 1.958 1.951 0.007 

I 

32 2 31.36 1 1 1.297 1.962 1.955 0.008 
1.967 1.959 0.008 33 2 32.34 1 1 1.309 
1.971 1.963 0.008 34 2 33.32 1 1 1.320 

35 2 34.30 1 1 1.332 1.976 I .967 0.009 
36 2 35.28 1 1 1.344 1.981 1.972 0.009 I 

~ 

2 36.26 1 1 1.357 1.986 1.976 0.009 
2 37.24 1 1 1.369 1.991 1.981 0.01 0 

38.22 1 1 1.382 1.996 1.985 0.01 0 



~ I 5 I 3 I 4.85 I 1.5 I 1.5 1 1.054 I 1.873 1 ~ 1.867--1 0.006 

28 
29 
30 
31 

14 3 13.58 1.5 1.5 1.126 1.898 1.893 0.005 
15 3 14.55 1.5 1.5 1.134 1.901 1.896 0.005 
16 3 15.52 1.5 1.5 1.143 , 1.904 1.899 0.005 

3 27.1 6 1.5 1.5 1.259 1.947 1.941 0.006 
3 28.1 3 1.5 1.5 1.270 1.951 1.945 0.006 
3 29.1 0 1.5 1.5 1.281 1.955 1.949 0.007 
3 30.07 1.5 1.5 1.292 1.960 1.953 0,007 

11 17 I 3 I 16.49 I 1.5 I 1.5 I 1.152 I 1.908 I 1.902 I 0.005 

3 
3 

11 26 I 3 I 25.22 I 1.5 I 1.5 I 1.238 I 1.939 I 1.933 I 0.006 

31.04 1.5 1.5 1.303 1.964 1.957 0.007 
32.01 1.5 1.5 1.315 1.968 1.961 0.007 

/I 27 I 3 I 26.19 I 1.5 I 1.5 I 1.249 1 1.943 I 1.937 I 0.006 

34 
35 
36 

3 32.98 1.5 1.5 1.326 1.973 1.965 0.008 
3 33.95 1.5 1.5 1.338 1.978 1.970 0.008 
3 34.92 1.5 1.5 1.351 1.982 1.974 0.008 

37 3 35.89 1.5 1.5 1.363 1.987 1.978 0.009 
38 3 36.86 1.5 1.5 1.376 1.992 1.983 0.009 
39 3 37.83 1.5 1.5 1.388 1.997 1.988 0.01 0 

3 38.80 1.5 1.5 1.401 2.002 1.992 0.01 0 I. 40 

4 %  4 0.00 2 2 1.024 1.862 1.856 0.006 
0.96 2 2 1.031 1.865 1.859 0.006 t 1.92 2 2 1.038 1.867 1.861 0.006 



3 1  4 1  2.88 2 1  2 1  1.046 I 1.869 1 1.864 0.006 11 
1 I I 

4 4 3.84 2 2 1.053 1.872 1.866 0.006 
5 4 4.80 2 2 1.060 1.875 1.869 0.005 
6 4 5.76 2 2 1.068 1.877 1.872 0.005 
7 4 6.72 2 2 1.076 1.880 1.875 0.005 
8 4 7.68 2 2 1.083 1.883 1.877 0.005 
9 4 8.64 2 2 1.091 1.885 1.880 0.005 
10 4 9.60 2 2 1.099 1.888 1.883 0.005 
11 4 10.56 2 2 1 A07 1.891 1.886 0.005 
12 4 11.52 2 2 1.115 1.894 1.889 0.005 
13 4 12.48 2 2 1.124 1.897 1.892 0.005 
14 4 13.44 2 2 1.132 1 .goo 1.895 0.005 
15 4 14.40 2 2 1.141 1.903 1.898 0.005 
16 4 15.36 2 2 1.150 1.906 1 .go1 0.005 
17 4 16.32 2 2 1.158 1 .go9 1.905 0.005 
18 4 17.28 2 2 1.167 1.91 2 1.908 0.005 
19 4 18.24 2 2 1,176 1.916 1-91 1 0.005 
20 4 19.20 2 2 1.186 1.919 1.914 0.005 
21 4 20.1 6 2 2 1.195 1.923 1.91 8 0.005 
22 4 21.1 2 2 2 1.205 1.926 1.921 0.005 
23 1 4 I 22.08 I 2 I 2 I 1.214 I 1.930 1 1.925 I 0.005 11 
24 4 23.04 2 2 1.224 1.933 1.928 0.005 
25 4 24.00 2 2 1.234 1.937 1.932 0.005 
26 4 24.96 2 2 1.245 1.941 1.936 0.005 
27 4 25.92 2 2 1.255 1.945 1.939 0.005 
28 4 26.88 2 2 1.266 1.949 1.943 0.005 
29 4 27.84 2 2 1.276 1.953 1.947 0.006 
30 4 28.80 2 2 1.287 1.957 1.951 0.006 
31 I 4 I 29.76 I 2 1 2 1 1.298 1 1.961 I 1.955 I 0.006 11 
32 1 4 I 30.72 I 2 I 2 I 1.310 I 1.966 I 1.959 1 0.006 11 
33 4 31.68 2 2 1.321 1.970 1.963 0.007 
34 4 32.64 2 2 1.333 1.974 1.968 0,007 
35 4 33.60 2 2 1.345 1.979 1.972 0.007 
36 I 4 I 34.56 I 2 I 2 I 1.357 I 1.984 I 1.976 I 0.008 11 
37 I 4 I 35.52 2 I 2 I 1.369 I 1.989 I 1.981 I 0.008 11 
38 4 36.48 2 2 1.382 1.994 1.985 0.008 
39 4 37.44 2 2 1.395 1.999 1.990 0.009 
40 4 38.40 2 2 1.408 2.004 1.995 0.009 
0 5 0.00 2.5 2.5 1.031 1.864 1.858 0.005 



7 
8 
9 
10 

1 I I I I 

ll 1 1  i 5 1  10.45 I 2.5 I 2.5 I 1.114 I 1.892 I 1.888 I 0.004 

5 6.65 2.5 2.5 1.082 1.881 1.877 0.004 
5 7.60 2.5 2.5 1.090 1.884 1.880 0.004 
5 8.55 2.5 2.5 1.097 1.887 1.883 0.004 
5 9.50 2.5 2.5 1 .lo5 1.890 1.885 0.004 

13 
14 
15 

5 12.35 2.5 2.5 1.130 1.898 1.894 0.004 
5 13.30 2.5 2.5 1.139 1 .go1 1.897 0.004 
5 14.25 2.5 2.5 1.147 1.904 1 .go1 0.004 
5 15.20 
5 16.1 5 

2.5 2.5 1.156 1.908 1.904 0.004 
2.5 2.5 1.165 1.91 1 1.907 0,004 

18 5 17.10 2.5 2.5 I 1.174 1.91 4 1.910 0.004 
I 1 9  5 18.05 2.5 2.5 I 1.1 83 1.917 1.91 3 0.004 



I It 1 7 1  7.44 I 3.5 I 3.5 I 1.103 I 1.887 I 1.884 0.003 

I 9 7 8.37 3.5 3.5 1.110 1.890 1.887 0.003 
10 7 9.30 3.5 3.5 1.118 1.893 1.890 0.003 

I I I I 1 _ _ _  - - 

it 11 i 7 1  10.23 I 3.5 I 3.5 I 1.127 1 1.896 I 1.893 1 0.002 
7 11.16 3.5 3.5 

12.09 3.5 3.5 
14 7 13.02 3.5 3.5 

1.135 1.898 1.896 0.002 
1.143 1 .go1 1.899 0.002 
1.152 1.904 1.902 0.002 



32 
33 
34 
35 , I I I 1 ~.~ 

I I1 36 i 7 1  33.48 I 3.5 I 3.5 I 1.376 I 1.989 I 1.983 I 0.006 11 

7 29.76 3.5 3.5 1.329 1.970 1.966 0.004 
7 30.69 3.5 3.5 1.340 1.975 1.970 0.004 
7 31.62 3.5 3.5 1.352 1.979 1.975 0.005 
7 32.55 3.5 3.5 1.364 1.984 1.979 0.005 

39 

7 34.41 3.5 3.5 1.388 1.994 1.988 0.006 ~ 

7 35.34 3.5 3.5 1.401 1.999 1.992 0.006 
7 36.27 3.5 3.5 1.414 2.004 1.997 0.007 

40 
0 
1 
2 

7 37.20 3.5 3.5 1.427 2.009 2.002 0.007 
8 0.00 4 4 1.050 1.868 1.865 0.003 
8 0.92 4 4 1.057 1.870 1.868 0.003 
8 1.84 4 4 1.064 1.873 1.870 0.002 

I 

8 2.76 
8 3.68 

I 

4 4 1.071 1.875 1.873 0.002 
4 4 1.079 1.878 1.876 0.002 

5 
6 
7 
8 

8 4.60 4 4 1.086 1.881 1.878 0.002 
8 5.52 4 4 1.094 1.883 1.881 0.002 
8 6.44 4 4 1.101 1.886 1.884 0.002 
8 7.36 4 4 1 .lo9 1.889 1.887 0.002 

9 
10 
11 
12 
13 

8 8.28 4 4 1.117 1.891 1.890 0.002 
8 9.20 4 4 1.125 1.894 1.892 0.002 
8 10.1 2 4 4 1.133 1.897 1.895 0.002 
8 11.04 4 4 1.141 1 .goo 1.898 0.002 
8 11.96 4 4 1.150 1.903 1 .go1 0.002 

14 
15 

8 12.88 4 4 1.158 1.906 1.904 0.002 
8 13.80 4 4 1.167 1.909 1.908 0.002 
8 14.72 4 4 1.176 1.91 2 1.91 1 0.001 
8 15.64 4 4 1.184 1.915 1.914 0.001 
8 16.56 4 4 1.193 1.919 1.917 0.002 



I I 

20 9 18.20 4.5 4.5 1.219 1.927 1.926 0.001 
0.001 21 9 19.1 1 4.5 4.5 1.228 1.931 1.930 

22 9 20.02 4.5 4.5 1.238 1 -934 1.933 0.001 

I I 1 I 

I 1.219 I 1.927 I 1.926 1 0.001 
f 

0.001 21 9 19.1 1 4.5 4.5 1.228 1.931 1.930 
22 9 20.02 4.5 4.5 1.238 1 -934 1.933 0.001 



31 9 28.21 4.5 4.5 1.331 1.969 1.967 0.003 
32 9 29.1 2 4.5 4.5 1.342 1.974 1.971 0.003 
33 9 30.03 4.5 4.5 1.354 1.978 1.975 0.003 
34 9 30.94 4.5 4.5 1.365 1.983 1.979 0.003 
35 9 31.85 4.5 4.5 1.377 1.987 1.984 0.004 
36 9 32.76 4.5 4.5 1.389 1.992 1.988 0.004 
37 9 33.67 4.5 4.5 1.401 1.997 1.992 0.005 
38 9 34.58 4.5 4.5 1.414 2.002 1.997 0.005 

0.006 39 9 35.49 4.5 4.5 1.427 2.007 2.002 
40 9 36.40 4.5 4.5 1.440 2.01 2 2.006 0.006 
0 10 0.00 5 5 1.063 1.871 1.870 0.001 
1 10 0.90 5 5 1.070 1.874 1.873 0.001 
2 I 10 I 1.80 1 5 I 5 I 1.077 I 1.876 I 1.875 I 0.001 11 
3 10 2.70 5 5 1.085 1.879 1.878 0.001 
4 10 3.60 5 5 1.092 1.881 1.881 0.001 
5 10 4.50 5 5 1.099 1.884 1.883 0.000 
6 10 5.40 5 5 1.1 07 1.886 1.886 0.000 
7 10 6.30 5 5 1.115 1.889 1.889 0.000 
8 10 7.20 5 5 1.122 1.892 1.892 0.000 
9 10 8.1 0 5 5 1.130 1.895 1.894 0.000 
10 10 9-00 5 5 1.138 1.897 1.897 0.000 

I I I I I I I I 

11 I 10 I 9.90 I 5 1  5 1  1.147 I 1.900 I 1 .goo 0.000 1 
12 10 10.80 5 5 1.1 55 1.903 1.903 0.000 
13 10 11.70 5 5 1.163 1.906 1.906 0.000 
14 10 12.60 5 5 1.172 1 .go9 1 .go9 0.000 
15 10 13.50 5 5 1.180 1.912 1.91 2 0.000 
16 I 10 I 14.40 I 5 1 5 I 1.189 I 1.916 I 1.916 I 0.000 11 
17 10 15.30 5 5 1.198 1.919 1.919 0.000 
18 10 16.20 5 5 1.207 1.922 1.922 0.000 
19 10 17.1 0 5 5 1.216 1.925 1.925 0.000 
20 10 18.00 5 5 1.225 1.929 1.929 0.000 
21 10 18.90 5 5 1.235 1.932 1.932 0.000 
22 10 19.80 5 5 1.244 1.936 1.936 0.000 
23 10 20.70 5 5 1.254 1.939 1.939 0.000 
24 10 21.60 5 5 1.264 1.943 1.943 0.000 
25 10 22.50 5 5 1.274 1.947 1.946 0.001 
26 I 10 I 23.40 I 5 I 5 I 1.284 I 1.951 I 1.950 I 0.001 11 



27 
28 
29 
30 

11 31 I 10 I 27.90 I 5 1 5 I 1.338 I 1.971 I 1.969 I 0.002 

~~~ ~ ~ 

10 24.30 5 5 1.295 1.955 1.954 0.001 
10 25.20 5 5 1.305 1.959 1.958 0.001 
10 26.1 0 5 5 1.316 1.963 1.961 0.001 
10 27.00 5 5 1.327 1.967 1.965 0.002 

39 
40 

10 35.1 0 5 5 1.433 2.009 2.004 0.005 
10 36.00 5 5 1.446 2.01 4 2.009 0.006 

0 
1 
2 
3 

11 0.00 5.5 5.5 1.070 1.873 1.873 0.000 
11 0.89 5.5 5.5 1.077 1.875 1.875 0.000 
11 1.78 5.5 5.5 1.084 1.878 1.878 0.000 
11 2.67 5.5 5.5 1.091 1.880 1.880 0.000 

4 
5 
6 

11 3.56 5.5 5.5 1.099 1.883 1.883 0.000 
11 4.45 5.5 5.5 1,106 1.885 1.886 0.000 
11 5.34 5.5 5.5 1.114 1.888 1.888 0.000 

11 
11 

10 11 

7.1 2 5.5 5.5 1.1 29 1.893 1.894 0.001 
8.01 5.5 5.5 1.137 1.896 1.897 0,001 
8.90 5.5 5.5 1.145 1.899 1 .goo 0.001 

12 
13 
14 
15 
16 

11 10.68 5.5 5.5 1.162 1.905 1.906 0.001 
11 11 5 7  5.5 5.5 1.170 1.908 1 .go9 0.001 
11 12.46 5.5 5.5 1.178 1-91 1 1.91 2 0.001 
11 13.35 5.5 5.5 1.187 1.914 1.915 0.001 
11 14.24 5.5 5.5 1.196 1.917 1.918 0.001 

18 
19 
20 
21 
22 

11 16.02 5.5 5.5 1.214 1.924 1.925 0.001 
11 16.91 5.5 5.5 1.223 1.927 1.928 0.001 
11 17.80 5.5 5.5 1.232 1.931 1.931 0.001 
11 18.69 5.5 5.5 1.242 1.934 1.935 0.001 
11 19.58 5.5 5.5 1.251 1.938 1.938 0.001 

23 
24 
25 
26 

11 20.47 5.5 5.5 1.261 1.941 1.942 0.000 
11 21.36 5.5 5.5 1.271 1.945 1.945 0.000 
11 22.25 5.5 5.5 1.281 1.949 1.949 0.000 
11 23.1 4 5.5 5.5 1.291 1.952 1.952 0.000 

27 
28 
29 
30 

11 24.03 5.5 5.5 1.301 1.956 1.956 0.000 
0.000 11 24.92 5.5 5.5 1.31 2 1.960 1.960 
0.001 11 25.81 5.5 5.5 1.323 1.964 1.964 

11 26.70 5.5 5.5 1.333 1.969 1.968 0.001 



27.59 I 5.5 I 5.5 I 1.344 I 1.973 I 1.972 0.001 II 
I I - -  

I 

32 1 1  28.48 5.5 5.5 1.356 1.977 1.976 0.001 
33 1 1  29.37 5.5 5.5 1.367 1.982 1.980 0.002 
34 1 1  30.26 5.5 5.5 1.379 1.986 1.984 0.002 



.f 

35 12 30.80 6 6 1.397 1.993 1.991 0.002 
36 12 31.68 6 6 1.409 1.998 1.995 0.002 
37 12 32.56 6 6 1.422 2.002 2.000 0.003 
38 12 33.44 6 6 1.434 2.007 2.004 0.003 

33 
34 
35 

11 13 9.57 6.5 6.5 1.167 1.905 1.908 I 12 13 10.44 6.5 6.5 1.176 1.908 1.91 1 0.002 

~ 

13 28.71 6.5 6.5 1.381 1.985 1.985 ~- ~ 0.000 
13 29.58 6.5 6.5 1.392 1.990 1.989 0.001 
13 30.45 6.5 6.5 1.404 1.995 1.993 0.001 

I 1 I 

ll 13 i 13 i 11.31 1 6.5 1 6.5 I 1.184 1 1.911 I 1.91 4 I 0,002 II 
14 13 12.1 8 6.5 6.5 1,192 1.914 1.917 0.002 
15 13 13.05 6.5 6.5 1.201 1.91 8 1.920 0.002 

13.92 6.5 6.5 1.210 1.921 1.923 0.002 
14.79 6.5 6.5 1.219 1.924 1.926 0.002 
15.66 6.5 6.5 1.228 1.927 1.930 0.002 

@. ;; 18 ;: 13 



11 39 I 13 I 33.93 I 6.5 I 6.5 I 1.453 1 2.014 I 2.01 1 0.003 
34.80 6.5 6.5 1.466 2.020 2.016 0.004 

1.090 1.878 1.880 0.002 0.00 7 7 
0.86 7 7 1.098 1.880 1.883 0.002 

I 
~~ ~ 

2 14 1.72 7 7 1 A05 1.883 1.885 0.003 
14 2.58 7 7 1.112 1.885 1.888 0.003 

4 14 3.44 7 7 1.120 1.888 1.891 0.003 
5 14 4.30 7 7 1.127 1.890 1.893 0.003 
6 14 5.1 6 7 7 1.135 1.893 1.896 0.003 

14 6.02 7 7 1.142 1.896 1.899 0.003 I : ,  1 4 :  6.88 7 7 1.1 50 1.899 1.902 0.003 
9 14 7.74 7 7 1 A58 1 .go1 1.904 0.003 1 10 14 8.60 7 7 1.166 1.904 1.907 0.003 

I I I I 1 - - ~~ It 1 1  i 14 I 9.46 7 1  7 1  1.174 I 1.907 I 1.910 0.003 
12 14 10.32 7 7 1 A83 1.910 1.913 ~ 0.003 
13 14 11.18 7 7 1.191 1.913 1.916 0.003 
14 14 12.04 7 7 1.200 1.91 6 1.91 9 0.003 
15 14 12.90 7 7 1.208 1.919 1.923 0.003 



~- 

11 2 I 15 I 1.70 I 7.5 I 7.5 I 1.112 1 1.884 1 1.888 1 0.003 

8 15 6.80 7.5 7.5 1.1 57 1 .goo 1.904 0.004 
9 15 7.65 7.5 7.5 1.165 1.903 1.907 0.004 
10 15 8.50 7.5 7.5 1.173 1.906 1.910 0.004 

II l 1  ! 15 I 9.35 I 7.5 I 7.5 I 1.182 I 1.909 I 1.913 1 0.004 
12 15 10.20 7.5 7.5 1.190 1.91 2 1.91 6 0.004 
13 15 11.05 7.5 7.5 1.198 1.915 1.919 0.004 
14 15 11.90 7.5 7.5 1.207 1.918 1.922 0.004 
15 15 12.75 7.5 7.5 1.215 1.921 1.925 0.004 

13.60 I 7.5 I 7.5 1 1.224 1 1.924 I 1.928 0004 

I I I I It 23 i 15 i 19.55 I 7.5 1 7.5 I 1.289 1 1.948 1 1.952 I 0.003 
24 15 20.40 7.5 7.5 1.299 1.952 1.955 0.003 
25 15 21.25 7.5 7.5 1.309 1.956 1.959 0.003 
26 15 22.1 0 7.5 7.5 1.319 1.960 1.963 0.003 
27 15 22.95 7.5 7.5 1.329 1.964 1.966 0.003 

___ 

28 15 23.80 7.5 7.5 1.340 1.968 1.970 0.003 
29 15 24.65 7.5 7.5 1.351 1.972 1.974 0.002 
30 15 25.50 7.5 7.5 1.361 1.976 1.978 0.002 
31 15 26.35 7.5 7.5 1.372 1.980 1.982 0.002 
32 15 27.20 7.5 7.5 1.384 1.985 1.986 0.001 
33 15 28.05 7.5 7.5 1.395 1.989 1.990- ~ 0001 

0.001 34 15 28.90 7.5 7.5 1.406 1.994 1.994 
35 15 29.75 7.5 7.5 1.418 1.998 1.998 0.000 
36 15 30.60 7.5 7.5 1.430 2.003 2.003 0.000 
37 15 31.45 7.5 7.5 1.442 2.008 2.007 0,001 
38 15 32.30 7.5 7.5 1.455 2.01 3 2.01 2 0.001 
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Mr. Don Ferrier 
Project Manager 
EG&G Rocky Flats, Inc. 
P. 0. Box 464 
Room 121A 
Golden, Colorado 80402-0464 

452 BURBANK STREET 

I992 

Subject: Rocky Flats Plant Solar Evaporation Ponds Stabilization Project 
[WBS 235 & 236 TREATABILITY STUDY REPORT AND PROCESS FORMULATION 
REPORT, POND 207C & CLARIFIER - HALLIBURTON NUS ROCKY FLATS] 
- APPENDIX H - TEMPERATURE RISE DURING CURING OF CEMENTED 207C AND 
CLARIFIER WASTE AND ITS EFFECTS 
RF-HED-92-0442 

Dear Mr. Ferrier: 

Enclosed for incorporation into the Treatability Study as APPENDIX H for 207C 
Pond/Clarifier is the temperature study. This study was prepared to provide 
the following information for incorporation into the Process Control Plan 
(PCP) : 

1. Material handling requirements for transporting freshly cast 
material. 

2 .  Determination that a "no free water" condition can be achieved by 
casting the material into a bladder and evacuating any air from 
the bladder. 

3. Demonstrate that laboratory results can be applied to a full scale test 
with successful results. 

Among the half crates prepared during this study were those cast during the 
field demonstration test witnessed by EG&G and DOE on May 2 8 ,  1992. 
the castings was visually inspected after curing and cored to provide visual, 
physical, and chemical/analytical data. All the halfcrates exhibited no free 
water in the product or the packaging, and insignificant free particulates. 
Testing performed using a surrogate recipe, with similar rheological 
characteristics to the waste form, passed all criteria for certification. 

Certain physical properties were observed that concern "US. 
form exhibited fairly high porosity. 
rate of temperature rise during the curing process. The strength of the 
product decreased as porosity increased. In addition to strength loss, the 
higher porosity is believed to reduce the long term durability of the product. 
Durability tests of the product are currently ongoing and will be available 
within the next few weeks for evaluation. Since strength requirements and 
durability are not criterias for waste certification, we conclude that the 
full scale surrogate tests produced a certifiable product. 

A list of engineered control systems are available to reduce the maximum 
temperature reached during the curing process and are identified in SECTION 
6.0. HNUS recommends as a minimum pursuing the following: 

Each of 

The final waste 
Porosity appears to be a function of the 

1. Provide ventilation system in the curing tent to reduce ambient 
temperatures. 

technologies and sewices for a cleaner and safer woi-ld 



. -  
- a  

EG&G Rocky Flats, Inc. 
Attention: Mr. Don Ferrier 
Page 2 

July 22, 1992 

2. Continue study to reduce the effects of temperature rise during 
the curing process. 

3 .  Consider the use of copper tubing in the pour to dissipate heat. 

4.  Include verification within the SO Test "hot test" of the conclusions of 
this temperature study. 

Ventilation systems are envisioned to be required in the curing areas. From 
discussions with EG&G operational personnel, we understand that EG&G desires 
to transport the freshly cast halfcrate to the final storage area in one step. 
Typically one tent will be filled with freshly cast product. 
approximately 100 crates per day being produced on a double shift basis, Tents 
2 thru 5 represent 10 days of storage capacity each. HNUS is concerned that 
the temperatures in the tent will be excessive for habitation of working 
personnel. We are prepared to provide EG&G an assessment of the engineering 
control systems available to remedy the problem. EG&G will need to establish 
some minimum criteria: maximum allowable temperature, stowage plan 
identifying aisle spaces and stacking plan, and limitations on ingresslegress 
through doorways on both ends of each tent. 

HNUS will be examining the use of cement retarders in the process. Typically 
they retard the set rate of the product and reduce the maximum temperature 
rise during curing. Tests on actual waste show that the TCLP is not impacted 
with the introduction of retarders into the recipe. A testing program has 
been developed and is underway to optimize the benefits of retarders. 

In addition, results obtained during full-scale testing have been incorporated 
into the design of the equipment train. The incoming temperature of the 
slurry to the RCM mixer was lowered by approximately 20 degrees by reducing 
the mechanical energy transferred into the slurry. This was accomplished by 
reconfiguring/reducing the speed of the incoming slurry pump and the pneumatic 
valve to the RCM. This also reduced the maximum temperature attained during 
curing by approximately 20 degrees. The results provided in the report 
present the data obtained after the equipment modifications. 

Please advise what actions you may require after reviewing SECTION 6.0 - 
ONGOING/FUTURE WORK proposed. 

If you have any questions or comments, please advise. 

Based upon 

Sincerely, 

HALLIBURTON NUS ENVIRONMENT= 
CORPORATION 

Ted A. Bittner 
Project Manager 

cc: A. 
D. 
J. 
H. 
S. 
R. 
R. 
J. 

A1 len 
Brenneman 
Childs 
Harvey 
Mat hew 
Ninesteel 
Rodr igue 
Zak 

A\LTRWERRIER-107 
RF-HED92-0442 

HALLIBURTON NUS 
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EXECUTIVE SUMMARY 

The Pond 207C and Clarifier waste forms will be mixed with 
pozzolans to produce a solidified waste form. Concerns about the 
temperature rise during the curing phase resulted in a series of 
studies which examined the temperature rise and its effect on the 
final product. These included small and large scale testing on a 
surrogate material that had the same rheological properties as the 
waste. 

The studies show that the temperature rise during curing did not 
cause any adverse effects on the criteria for certification of the 
final product. However the increased temperature caused an 
increase in the porosity and thereby a decrease in the strength of 
the product. The studies show that the effects of temperature rise 
can be reduced by increasing the thermal conductivity of the 
matrix. This results in a stronger product by producing a denser, 
less porous material. 

In addition to the temperature-induced porosity, another concern is 
the effect that elevated temperatures may have on the long-term 
durability of the product. Tests currently underway are expected 
to provide some information about this. 

Within the scope of the current process requirements, no e 
adjustments to <he process design are required to counter the 
temperature rise during curing, to generate a product that will 
meet the certification criteria. However, because of the concerns 
regarding porosity and long-term durability, some options are still 
being considered to reduce the temperature rise during curing. 

The full-scale tests conducted in the course of the studies also 
yielded information on the operational viability of the mixing and 
conveying equipment that will be used for actual processing. The 
tests also provided information on the time window available for 
transportation of the freshly cast material. 

1 
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1 . 0  PURPOSE 

The rise in temperature during the curing phase of Pond 207C 
and Clarifier processing is the subject of this document. 
This phenomenon and its effects were examined in a series of 
studies which were conducted at the Halliburton Services 
Research Center in Duncan, Oklahoma. The study's main 
objectives using surrogate waste and full scale conditions 
were to: 

0 Determine the impact of curing temperatures on the 
quality of the product 

e Correlate the conclusions from this study to the 
real waste and 

0 Identify any future action required. 

In addition, the studies were also designed to: 

e Measure temperature rise versus time in order to 
establish material handling qualifications for 
transporting freshly cast material 

e Observe full scale operations of a surrogate waste 
which has similar rheological properties to the 
real waste and 

0 Observe the structural stability of the half crate 
during the casting of a liquid slurry. 

2 
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2 . 0  BACKGROUND 

The stabilization of Pond 207C and Clarifier requires the 
mixing of the slurried waste with a pozzolan mix consisting of 
Type V cement, Class C flyash and hydrated lime at a water to 
pozzolan ratio of 0.42. The cement, flyash, and lime would be 
pre-mixed at a ratio of 1:2:0.075. Hydrated lime is included 
in the mixture to stabilize the metal ions in the cement 
matrix by providing an alkaline medium.The cemented waste form 
will be poured into a rectangular box called a half-crate for 
curing, storage, and eventual disposal. This document deals 
with the anticipated internal temperature rise in the half- 
crate during the hydration phase of the pozzolans. 

The hydration of pozzolanic materials involves a set of 
complex exothermic reactions. If the heat evolving from the 
hydration reaction is not allowed to escape (i.e. if adiabatic 
conditions exist), the temperature rise can be quite 
substantial [ 13. In large monoliths (like the half-crate) , 
true adiabatic conditions exist when the volume of the 
concrete far exceeds the surface area available for heat 
dissipation to the surroundings. The internal temperature 
rise under such conditions occurs predominantly during the 
first phase of hydration [2]. 

The generation of temperature rises in large bodies have led 
to concerns about cracking caused by 'thermo-stresses' due to 
differences in temperature between the interior and surface 
and 'boiling-off' of the water phase [3]. Similar concerns 
exist for the Pond 207C/Clarifier processing, including the 
impact of temperature rise on the production of a certifiable 
product. 

Several options exist to moderate the temperature rise, 
including increasing the thermal conductivity of the matrix 
and the addition of inert additives or aggregates [4]. 
Potential aggregates that can be added to the matrix include 
inert solids like the suspended solids already present in the 
waste or clean sand that can act as a filler. In the pozzolan 
mixture used for Pond 207C/Clarifier processing, the amount of 
Class C Flyash is twice the amount of Type V cement. In 
addition to having a much lower heat of hydration compared to 
cement, flyash has the effect of retarding the hydration of 
cement and thus lowering the heat of hydration even further. 
In addition, it has been shown that even mixes with a high 
percentage of flyash maintain their structural integrity [4]. 
The presence of large amounts of inorganic salts found in the 
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207C pond will hasten the hydration reaction and lead to a 
larger temperature rise. 

To examine the effects that the increased temperature of the 
cemented waste form would have on the certification 
parameters, a series of tests were conducted with surrogate 
wastes at Halliburton Services facilities in Duncan, Oklahoma 
in May-June 1992. The surrogate waste was developed to 
simulate the rheological characteristics of the mixture of 
pozzolans and the Pond 207C/Clarifier waste form. 

The preliminary tests were conducted on a small scale during 
which the cemented surrogate was treated to high temperatures 
externally. This was followed with large scale testing where 
the surrogate waste was mixed up with the pozzolans in the RCM 
and poured into half-crates to simulate the conditions 
existing during processing and casting a monolith similar in 
size to the final product. 

It would be pertinent at this stage to define some of the 
terms used throughout this document. The ' %  water' in a 
slurry is the % of available water by mass in the 
207C/Clarifier slurry after subtracting the contributions of 
dissolved salts and suspended solids to the total mass. The 
pozzolans are added to the slurry on a mass basis at a fixed 
'water to pozzolan ratio'. 'Pozzolans' are defined as the 
combined blend of cement, flyash, and lime. 
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3 . 0  PRELIMINARY TESTING 

The preliminary testing conducted at the Halliburton Services 
Research Center was geared to mimic the effect of the high 
temperature attained inside a large monolith on a miniature 
scale to examine the hydration profile of the cemented waste 
form under high temperatures. External heat had to be applied 
to these samples since small samples would never attain the 
adiabatic conditions existing in the core of a half Crete. 
For this purpose a surrogate of the Pond 207C/Clarifier waste 
form was mixed with pozzolans in the appropriate ratio 
(water/pozzolans=0.42) and the mixture was subjected to curing 
at a range of temperatures. The cooled samples were subjected 
to X-ray diffraction and Unconfined Compressive Strength (UCS) 
testing to examine the effects that temperature may have had 
on their properties. 

3.1 Experimental 

A surrogate had to be prepared in lieu of the actual Pond 
207C/Clarifier waste because of the radioactive nature of 
the real waste form. The Research Center is not licensed 
to accept radioactive material. The salt composition 
used in the surrogate (Table I) is representative of the 
374 Brine at Rocky Flats. A 31% by weight solution was 
made up with water to make the surrogate waste. The 
brine solution was mixed with pozzolans, such that the 
water to pozzolan ratio was 0.42. The pozzolans were 
made up of 1 parts Type V cement, 2 parts Class C fly 
ash, and 0.075 parts of hydrated lime. 
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SALT 

TABLE I 
COMPOSITION OF SALT MIXTURE IN SURROGATE 

WEIGHT % 

11 Calcium Hydroxide I 4.5 11 

The brine and the pozzolans were mixed in oa Waring 
blender and cured at 150, 200, 250, 300  and 350F for two 
days under 3000 psi pressure. The pressure was necessary 
to prevent the water in the system grom boiling off since 
the boiling point of water is 212 F. [The impact that 
the dissolved salts has had in elevating the boiliag 
point of the water has been minimal; approximately 213 F 
at 500 feet above Mean Sea Level (MSL). The boiling 
point of the brine could be expected to be lower in 
Denver due to its altitude - 5400 feet above MSL.] The 
curing methodology used was similar to the 48-hour 
accelerated cures done during treatability testing at 
Halliburton NUS laboratories in Pittsburgh. The heated 
samples were allowed to cool to room temperature. After 
two days of curing, the samples were subjected to UCS 
testing and X-ray diffraction analysis. 

3.2 Results/Discussion 

The UCS tests were conducted to ascertain the effect that 
the temperatures would have on the strength of the 
samples. The UCS results of the samples at different 
temperatures are shown in Table 11. 
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CURING TEMPERATURE OF 

150 

200 

250 

300 

350 

TABLE I1 
COMPRESSIVE STRENGTHS O F  SAMPLES AFTER 48 

HOUR CURES AT DIFFERENT TEMPERATURES 

COMPRESSIVE STRENGTH (psi) 

1345 

1243 

908 

1209 

1077 

Although there seems to be a decline in strength with 
increasing temperatures, the overall strength of the 
matrices are within a range that would be considered 
normal. The UCS data indicate a fairly typical hydration 
profile with no observable detrimental effects of high 
temperature on hydration. 

The X-ray diffraction study was conducted to examine the 
effect that temperature has on the hydration products 
during the critical initial phase. The X-ray diffraction 
patterns for the samples at different temperatures are 
shown in Figures 1-5. The figures show the diffraction 
peaks caused by the different crystal faces associated 
with the various crystalline components in the matrix. 
The consolidated results are tabulated in Table 111. 
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COMPONENT 

TABLE I11 
CONSOLIDATED SUMMARY OF X-RAY DIFFRACTION ANALYSES 

OF SAMPLES AT DIFFERENT TEMPERATURES 

AMOUNT AMOUNT 
AT 150°F AT 200°F 

AMOUNT 
AT 300°F 

Unhydrated 
Cement 

Tobermorite 
small 

AMOUNT AT 
350°F 

small 

moderate 

small 

moderate 

AMOUNT 
AT 250°F 

Hydrogarnet 

moderate 

very sma 11 
small 

sma 11 

small 

trace 

trace 
-- 

small 

trace 

small 

-- 

small 
-- 

-- 

Quartz very very 
small small 

I -- II -- 

The peaks in the X-ray diffraction patterns of the 
samples at different temperatures show higher 
concentrations of the tobermorite crystalline phase at 
higher temperatures. Tobermorite is one of the phases 
that is produced at higher temperatures. Since it is a 
stable phase, this should have no adverse impact on 
product stability. Unhydrated cement could be observed 
in greater amounts at the lower temperatures. The amount 
of unhydrated materials decreased as the curing 
temperature increased. Given sufficient time, these 
unhydrated materials would have undergone nearly complete 
hydration. In total, the X-ray diffraction analyses do 
not show any significant aberrations from the norm even 
at elevated temperatures. 

It can be concluded from these 1abora:ory studip that 
within the temperature range of 150 F to 350 F, the 
hydration profiles of the pozzolans were normal and that 
temperature had minimal effect on the hydration profile 
and thus the structural integrity of the cemented waste 
form. 
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4.0 FULL SCALE TESTING 

The positive results from preliminary testing had shown that 
externally applied heat up to a temperature of 350°F had no 
adverse effects on the setting of the pozzolan waste mixture. 

To verify whether the same phenomenon occurred with the 
internal heat produced in the half crate, a series of large 
scale tests were conducted. In addition, the purpose of these 
tests was also to ascertain whether the internal heat 
generated in the half crate during cement hydration had any 
effect on the certification parameters. The relevant 
parameters for certification include TCLP, test for free 
liquids, DOT Solids Test, and test for particulates. 

A total of eleven halfcrates were cast (including the few 
discussed in this report) during the course of the full-scale 
testing held at Halliburton facilities in Duncan, Oklahoma. 
During the course of this testing, a field demonstration was 
witnessed by representatives of EG&G and the Department of 
Energy on May 28, 1992. At the demonstration test, the 
surrogate recipe was mixed using the equipment built 
specifically for this project and the material was cast into 
the bladder within the half crate boxes. 

4.1 Experimental/Results 

To create a surrogate for these tests, water was mixed 
with the salt mixture (shown in Table I) to produce a 
31.4 % by weight salt solution. This salt solution was 
then blended with the pre-mixed pozzolan mixture at the 
appropriate water to pozzolan ratio in a 8 bbl. RCM. The 
thoroughly mixed slurry was poured into plastic lined 
half-crates. Most of the slurry was cast into bladders 
to replicate the proposed casting method. 

Tests were not conducted on recipes that contained 
suspended solids since the inert solids would tend to 
lower the maximum temperature by increasing the thermal 
conductivity of the matrix. During waste processing, the 
suspended solids will vary between 0 and 11%. 

For each of these tests, thermocouples were placed at 
critical points in the half-crate. The thermocouples 
use? were certified by the supplier to be accurate within 
k 1 F over the range that was tested. The half-crate was 
then sealed and the top wooden lid put in its place. 
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Temperatures were recorded every fifteen minutes during 
the initial heat rise and then every hour for the next 
several days. The half crate was then dismantled and the 
packaging removed. Visual inspections were performed for 
free water on the surface of the product or trapped 
within the packaging. No free water or excessive 
particulates were observed in any of the half crate 
containers that were cast in Duncan. 6-inch cores were 
taken from the center of the half-crate for further 
examination. Smaller cores were made from the 6-inch 
core to examine the structural integrity of the top, 
center and bottom of the 6-inch core by means of UCS 
testing. 

These cores were also subjected to TCLP leach tests. The 
pHs of the TCLP leachate were examined. The pH of the 
TCLP leachate is an indirect indication of the metal ion 
concentration in it. It has been shown in the 
treatability study report [5] that when the pH of the 
TCLP leachate is between 10.4 and 12.2, the 
concentrations of the restricted metal ions were below 
the permissible limits. 

Test 1 Conducted at water to pozzolan ratio of 0.42 

The first full-scale test was conducted at the water to 
pozzolan ratio at which the job would be performed at 
Rocky Flats (i.e. , at a water to pozzolan ratio of 0.42). 
The temperature measured at the center of the half-crate 
as a function of time is shown in Figure 6. As can be 
seen from Figure 6, the temperature at the center of the 
half-crate reached a maximum of 217.5OF about 21 hours 
after the slurry was poured into the box. After reaching 
a maximum, the center of the half-crate gradually 
underwent cooling over several days. A photograph of the 
core obtained from the center of the half-crate is shown 
in Figure 7. This core was recorded and the miniature 1- 
inch cores obtained from it were subjected to strength 
and TCLP testing, the results of which are summarized in 
Table IV. 
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WATER TO 
POZZOLAN 
RATIO 

t 

TABLE IV  
SUMMARY OF CENTER CORE DATA FROM HALF CRATE AT W/P=0.42 

ucs pH of 
IN HALF (time taken to (Psi) TCLP 
POSITION HIGHEST TEMP. 

CRATE attain it) LEACHATE 
-- 

0.42 

0.42 

CENTER 217.5'F (21 HRS) 423 11.1 

560 10.9 BOTTOM -- 

The data in Table IV most significantly shows that the 
temperature rise did not have any adverse impact on the 
pH of the TCLP leachate. This is because the alkalinity 
of the matrix would be unaffected by the temperature. In 
addition, the UCS data showed that the material had a 
substantial level of strength. Even at the center of the 
half-crate which would have experienced the highest 
temperature rise, the UCS test data showed a considerable 
amount of strength. However, the strength of the 
material in the center of the half crate (which would 
have experienced the greatest temperature rise) is lesser 
than at the top or the bottom. 

The core shown in Figure 7 shows a substantial number of 
voids forced by steam resulting from high temperatures 
inside the half crate. However, the fairly homogenous 
distribution of voids throughout the matrix shows that 
the uneven temperature distribution in the half crate had 
no effect on porosity distribution. 

Petrographic examination of the core confirmed the 
uniform porosity distribution in the matrix. The studies 
also showed that crystal growth and micro-cracking were 
almost non-existent. In addition, no settling or 
segregation of the cement grains were observed. The 
studies confirmed an earlier observation that the core 
appeared to be very homogeneous from the top to the 
bottom. 

The solidified half crate did not have any observable 
free moisture and did not have any significant amount of 
fine particulates. There was slight map-cracking 
observable on the surface but this did not extend to more 
than one inch below the surface. The product would have 
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thus passed the test for free liquids, the DOT solids 
test and the test for fine particulates. A s  can be 
inferred from the pH of the TCLP leachate, it would also 
pass the metal ion concentration allowed by the LDR 
requirements. 

To summarize, the data from a regular half-crate produced 
using a water to pozzolan ratio of 0 . 4 2  shows that the 
temperature rise observed in the test had no adverse 
impact on either the strength of the matrix or the 
parameters for certification. 

Test 2 Conducted at a water to Pozzolan Ratio of 0 .42  
with Copper Tubes for areater thermal 
conductivity 

Since concrete does not conduct heat readily, Test lwas 
repeated with copper tubes placed inside the half-crate. 
The positioning of the copper tubes is shown in Figure 8.  
The idea was to improve the thermal conductivity in the 
monolith in a relatively simple manner. The hollow 
copper tubes were 3'' in diameter and had sealed bottoms 
and open tops. Liquid slurry was not allowed to fill the 
annulus of the pipe. 

The temperature at the center of this half-crate is shown 
in Figure 9 .  Temperatures and corresponding hours were 
also measured at various other positions of the half- 
crate and is shown in Figure 10. 'Center' in the figure 
designates the geometric center of the solidified waste 
form, 'Top' designates the geometric center of the top 
surface of the monolith, 'Bottom' designates the 
geometric center of the bottom surface of the monolith, 
and 'End' is the geometric center of the smallest 
rectangular face of the monolith. 

A photograph of a core obtained from the center of the 
half-crate is shown in Figure 11. Compared to that from 
Test 1, without copper tubes, the core in Test 2 shows 
far fewer voids. 

The temperature at the center of the half-crate reached 
a maximum of 224OF after 10 hours. This along with the 
data from the other tests is tabulated in Table V. 
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WATER TO 
POZZOLAN 
RATIO 

0.42 

0.42 

0.42 

TABLE V 
SUMMARY OF CENTER CORE DATA FROM HALF CRATE 

AT W/P=0.42 WITH DIAGONALLY PLACED COPPER TUBES 

POSITION HIGHEST TEMP. ucs pH of TCLP 
IN HALF (time taken to (Psi) LEACHATE 
CRATE attain it) 

TOP 220'F (10 HRS) 990 11.1 

CENTER 224'F (10 HRS) -- -- 
BOTTOM 222'F (11 HRS) 1113 11.2 

As the temperature data shows, the copper tubes enable an 
even distribution of heat throughout the concrete matrix 
by removing heat from the center of the core (which is 
the hottest) and distributing it to the surfaces (where 
it is the coolest). A s  expected, the pHs of the TCLP 
leachate were unaffected by the high temperature or the 
temperature differential between the center and the 
surface. In addition, as in the previous test, there was 
no observable free water or particulates in the 
solidified waste form. 

However, the strength (as indicated by UCS results) 
almost doubled. This is likely due to the far fewer 
voids in the core as seen in Figure 11. The copper tubes 
and the uniform heat distribution that they provided 
seems to have helped achieve this higher strength. 

Test 3 Conducted at a water to pozzolan ratio of 0.48 
(no coPper tubes) 

The third test was conducted at a higher water to 
pozzolan ratio of 0.48. This results in a decreased 
amount of Pozzolan (lower by approximately 13%) leading 
to a lower net heat release. The temperature changes 
with time are shown in Figures 12 and 13. The photograph 
of the core from the center of the half crate is shown in 
Figure 14. The picture shows a fairly uniform core with 
even fewer voids than that in Test 2. The test data are 
summarized in Table VI. 
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WATER TO 
POZZOLAN 
RATIO 

0.48 

0.48 

0.48 

TABLE VI 
SSUMMARY OF CENTER CORE DATA FROM HALF CRATE AT W/P=0.48 

POSITION HIGHEST TEMP. ucs pH of TCLP II 
IN HALF (time taken to (Psi) LEACHATE 
CRATE attain it) 

11.1 TOP 180'F (14 HRS) 1520 

CENTER 226'F (14 HRS) 1047 11.0 

BOTTOM 208'F (14 HRS) 1227 1 1 - 1  

The maximum temperature at the center of the half crate 
made at a water to pozzolan ratio of 0.48 is not much 
different from that conducted at a water to pozzolan 
ratio of 0.42 with copper tubes for better conductivity. 
When compared to the test with the copper tubes placed in 
the matrix, this test, with a higher water content, shows 
a greater temperature differential between the interior 
and the exterior of the monolith. 

However, the additional water content did not adversely 
impact the porosity of the matrix. In fact, the strength 
of the material in this test is even higher than that in 
Test 2. Fewer voids were produced which provided a more 
homogeneous core. Also, the pH of the TCLP leachate was 
within the range that was acceptable to project criteria. 

Tests 4 & 5 Conducted with different crate lensths 

Another set of tests were performed to examine the 
contribution of the shape of the half-crate to the 
temperature rise in the center of it. For this purpose, 
two boxes of different shapes - Irregular Shape A (48 in. 
x 28 in. x 24 in.) and Irregular Shape B (48 in. x 48 in. 
x 24 in.) were constructed (Figure 15) and the cement 
slurry at a water to pozzolan ratio of 0.42 was poured 
into it. The maximum temperature at the center of the 
half-crate was 246OF and 260°F respectively. This is a 
higher temperature rise than what was observed with the 
half-crate. The condition that seems to affect the 
maximum temperature gain is the relationship of mass to 
surface area. The results show that increasing the 
surface area per unit mass of the monolith did not 
decrease the net temperature gain during curing. 
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Consequently, regardless of the configuration of the 
container, the only reasonable method to reduce the 
temperature rise during curing may be to reduce the 
thickness of the pour. 

4 . 2 Discussion 

4 . 2 . 1  Temperature and Product Strength 

The temperature data from the first three tests is 
summarized in Figure 16 and presents the half 
crate center temperatures for the three tests as 
a function of time. 

As indicated, the crate with the copper tubes 
(Test 2 )  and the crate with the higher water 
content (Test 3 )  reached their maximum 
temperatures faster than the crate with the water 
to pozzolan ratio of 0 . 4 2  (Test l), which is the 
nominal water to pozzolan ratio for processing. 
This implies that for Tests 2 and 3, there was a 
faster rate of cement hydration than for Test 1. 
The accelerated hydration reaction in turn created 
a greater temperature rise which then caused an 
even faster rate of cement hydration; in effect 
creating a closed loop, thus accounting for the 
results observed. 

In Test 2 the copper tubes enabled a greater 
degree of heat transfer to the peripheries of the 
matrix from its center and accelerated the 
hydration reaction in those areas which in turn 
transmitted more heat to the adjoining areas 
leading to the faster temperature rise. The 
reason for the increased temperature rise in Test 
3 is not clearly understood. It could be 
attributed to the greater availability of water to 
the cement for the reaction. The heat generated 
in turn accelerates the reaction even further. 

In the cases of both Tests 2 and 3 ,  the faster 
temperature rise leads to a faster curing (and 
setting) of the pozzolans. After the gel lattice 
undergoes setting, it becomes more difficult for 
the hot steam to create the voids that cause 
matrix porosity. Voids are much more likely to be 
formed in an unset cement mass, than within a 
gelled lattice structure. This is borne out by 
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4 .2 .2  

the strength data which show that the strength 
attained by the half crate in Test 1 was lower 
than that achieved in Tests 2 and 3. The greater 
porosity produced by Test 1 than Tests 2 or 3 can 
be observed in Figures 7, 11, and 13. It has to 
be noted however, that the maximum temperatures 
attained by Tests 1, 2 and 3 are approximately the 
same. 

A similar outcome could also be caused by inducing 
the entirely opposite effect on the hydration 
reaction by slowing it down with the use of 
retarders. This would so reduce the reaction rate 
and would flatten the temperature-time curve such 
that high temperatures might not be encountered. 
This however needs to be verified by further 
testing. 

Setting Times of Cast Product 

The hydration process undergoes a primary stage 
(also called the preinduction stage) during which 
there is slight heat evolution followed by a 
second stage (the induction stage) during which 
the mix is relatively dormant [6]. Figure 17 
displays the first few hours after casting shown 
in Figure 16 on a larger scale. This illustrates 
that the first two stages cannot be distinguished 
very clearly from each other, probably because of 
the size of the monolith and its insulating 
properties. The shape of the curve is similar to 
what has been reported elsewhere in another 
technical publication [7]. It is after the 
induction period that the gel lattice structure 
starts formation accompanied by active cement 
hydration and a rapid temperature rise. This gel 
formation will be damaged by vibration or any 
other vigorous movement. Once this phase 
commences, the crystalline formations are very 
weak and if disrupted may not be capable of 
rebonding during the curing process. The data in 
Figure 17 show that the third stage does not start 
until after four hours. A conservative estimate 
for the window available for physical handling of 
the half crate before it should be set aside for 
curing, is about two hours. Data obtained during 
treatability testing show that after forty eight 
hours of curing, the product had gained a 
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4 . 2 . 3  

4 . 2 . 4  

sufficient degree of strength to allow 
transporting the product without detrimental 
effects to the waste form. 

Tests reported earlier showed that the cemented 
207C Pond material becomes a DOT solid in 
approximately twelve hours and the the cemented 
Pond 207C/Clarifier becomes a DOT solid after four 
hours as defined by the DOT Paint Can test [ 8 ] .  
Thus it can be concluded that the material will be 
a liquid mass during the initial transportation 
from the casting to the curing station. 

Relevance of Surrogate Tests 

It should be emphasized that the aforementioned 
tests (and therefore its conclusions) were 
conducted on a surrogate which was chosen for its 
rheological similarity when mixed with the 
pozzolans. So, although these tests were not 
conducted on the actual waste form, it is 
reasonable that the results are fairly similar to 
what one may expect with the actual waste. This 
is because both the salt and cement loading used 
in the surrogate mix closely represent the 
207C/Clarifier waste. In addition, many results 
of the surrogate testing match those observed with 
the real waste in the Halliburton NUS laboratories 
in Pittsburgh. These include: 

e The pH of the TCLP leachate; both sets of 
data reflect that the pH is above that 
which would be required for acceptable 
metal ion concentrations. 

e Strengths of the final product made from 
surrogate and real waste are similar. 

e Similar results can be seen in the 
petrographic analyses. 

Anticipated Site Conditions 

It has to be noted that the surrogate tests were 
conducted under warmer temperature conditions 
(during May-June in Oklahoma) than will be 
experienced during the Fall at Rocky Flats. Thus 
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the incoming temperature can be expected to be 
much lower during actual operations. In addition, 
the presence of suspended solids in the actual 
waste should lower the temperature rise in the 
half crate. 

4.2.5 Half Crate Strength Test 

Another purpose of this testing program was to 
evaluate the structural integrity of the half 
crate. Waste certification requirements allow a 
maximum deflection, during closure, of 3/8-inch in 
any direction. 

Deflections along the top edge of the sides were 
1/2-inch along the 7-foot dimension and 7/16-inch 
along the 4-foot dimension. The surrogate waste 
was poured to a height of 19-inches within the box 
prior to sealing. No deflection was observed 
along the sides once the top was secured. Neither 
was any bulging or expansion observed during the 
curing process of the waste. The half crate 
container weighs about 380 lbs. The half crate 
filled with the cemented waste (at a density of 
117 lbs/cu. ft.) would weighed a total of 4475  
lbs. 

From this study, it was concluded that a temporary 
bracing system is required to support the half 
crate prior to securing the lid. Once the lid is 
installed, the temporary bracing system can be 
removed. EG&G is currently tasked with designing 
the bracing system. 
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5.0 CONCLUSIONS 

The operating parameters for the processing of Pond 207C and 
Clarifier are defined in the Treatability Study Report [ 5 ] .  
These parameters identified in the laboratory produced a 
product that passes all certification requirements as defined 
in NVO-325 (October 1988). The various operating parameters 
were tested in a full scale demonstration using a surrogate 
waste. Control experiments were established to verify that 
the surrogate waste had similar rheological and physical 
properties. 

The following conclusions can be drawn from the study of the 
impact of large temperature rises in the solidified Pond 207C 
and Clarifier waste form on its properties: 

0 Impact on Certification Parameters 
Any temperature gains experienced during curing of 
the half crates did not negatively impact the 
certification requirements including - 
1. TCLP concentrations for compliance with LDR 

requirements (as inferred from the pH of the 
TCLP leachate remaining between 10.4 and 
12.2). 

2. Paint Can Test (for certification as DOT 
solid). 

3. Paint Filter Test (for certification of the 
absence of free liquids) 

4. Criteria for Fine Particulates 

0 

0 

Impact on Hydration Profile 

The X-ray diffraction data on the surrogate waste- 
pozzolan mixtures cured at temperatures similar to 
those experienced in the half-crates showed that 
the elevated temperatures had minimal effect on 
the hydration profile of the cement. 

Impact on Porosity 

The tests show that the temperature rise in the 
half crate with a water to pozzolan ratio of 0 . 4 2 ,  
does introduce a certain amount of homogenous 
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porosity into the matrix. Porosity may be a 
function of temperature gain versus time in that 
the faster the temperature gain, the lesser the 
porosity. The lesser the porosity in the matrix, 
the greater the strength of the product. 

The porosity introduced by the high temperatures 
could have adverse effects on the long term 
durability of the product. Tests are currently 
underway to examine this issue. 

0 Impact on Compressive Strength 

The strength of the solidified product is not a 
criterion for certification. However, it has been 
shown with the testing conducted that the strength 
of the material cured at elevated temperatures was 
lower from those cured at lower temperatures 
(during treatability testing). The strength 
increased both when the thermal conductivity of 
the matrix was improved and when the water content 
in the matrix was increased. 

The other conclusions that can be drawn from this study are: 

0 Transportation of Freshly Cast Material 

It has been shown that the freshly cast material 
can be moved around for two hours before it has to 
be kept static for a period of about forty eight 
hours. 

Full Scale Operations 

The tests on the surrogate material showed that 
the process can be conducted on a large scale 
using the mixing and conveying equipment that were 
specified in the design. 
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6.0 ONGOING/FUTURE WORK 

Although there are no significant adverse effects related 
product certification due to the temperature rise during the 
curing of the half crate, concerns still exist about the 
impact of temperature on porosity, strength, and long term 
durability of the solidified waste form. Durability testing 
is currently underway on the products produced from the 
different tests mentioned in this document. In addition, 
various methodologies could be evaluated to counter the effect 
of temperature, including: 

e Retardation of Hydration 

The use of chemicals which retard the hydration 
reaction will be evaluated. These would be 
blended into the pozzolan mix off-site or metered 
into the cementing operation. The study would 
include additional treatability testing to verify 
the certifiability of the final product. 

a Systems to Reduce Temperature 

e Engineering modifications to minimize mechanical 
energy input into the system 

e Use of copper piping to dissipate heat inside the 
half crate containers 

e Chilling the slurry prior to cementing to reduce 
the incoming temperature 

e Providing ventilation systems in the curing tent 
to reduce ambient air temperature 

e Minimizing the allowable thickness of material 
cast in the half crate 

Currently all the options excepting chilling the slurry and 
reducing half crate thickness are being evaluated. Those were 
considered impractical to implement at the facility. 

Any subsequent recommendations and findings will be reported 
in a separate report. 
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Figure 1 

. 

X-RAY DIFFRACTION PATTERN OF 
SURROGATE WASTE CURED AT 1 5OoF 



Figure 2 

X-RAY DIFFRACTION PATTERN OF 
SURROGATE WASTE CURED AT ZOOOF 
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Figure 3 

. 

X-RAY DIFFRACTION PATTERN OF 
SURROGATE WASTE CURED AT 25OOF 
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Figure 4 

X-RAY DIFFRACTION PATTERN OF 
SURROGATE WASTE CURED AT 3OOOF 
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Figure 5 

X-RAY DIFFRACTION PATTERN OF 
SURROGATE WASTE CURED AT 35OoF 
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HALF CRATE WITH CEMENT SLURRY 

HALF CRATE WITH CEMENT SLURRY 
WITH COPPER TUBES 

Figure 8 
RFLATS.DGN 
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IRREGULAR SHAPE A 

IRREGULAR SHAPE B 

Figure 3 5  
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LIME/CEMEN"/FLYASH AND SODIUM SILICATE 

WET/DRY 

8 CYLINDERS 
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ROCKY FLATS 
PROJECT NO..2K68 
Photo Taken: 2/1/92 

WET/DRY TEST 
W J  

CYLINDER NAME: 
M l  1.25 

20  IC w / SI L I CAT E 

Mixed 1/17/92 

0 B S E R VAT1 0 N S: 
Dia: 2.00 in. 
Height: 3.90 in. 

Water separation during cure 
Moderate elephant skin 
Moderate scratching 
Corner or end flaking 

ut 1.1. 



ROCKY FLATS 
PROJECT NO. 2K68 
Photo Taken: 2/1/92 

CYLINQER NAME: 
M2 2.25 

2 o 7 c c E M EN TI  F LYAS H /L I M Vsi L I CAT E e 

Mixed 1/17/92 

0 B S E RVATl 0 N S: 
Dia: 2.00 in. 
Height: 4.01 in. 

I 
I 
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Moderate elephant akinlcracking 
Very l i t t le 8cratching 
Small amount end flaking 
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